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FRONTISPIECE 
"There is a species of white ant or termites which makes pointed 
mounds of clay about four feet high for their nests. The outer crusts 
of the mounds are very solid. 
" ... there is a species of iguana called by the natives cartar (Gould's 
Monitor). These iguanas with their powerful claws scrape a small 
round hole, about three inches across the centre, through the hard 
outer crust of the nest and in the soft earth makes a sort of nest and 
deposit their eggs. The ants build up the cells and make the harder 
outer crust over the hole, but don't seem to attempt to build the nest 
up or destroy the eggs. The internal heat of the nest acts as an 
incubator and hatches out the eggs. When they are ready to hatch 
the parent iguana returns to the nest and reopens the hole. 
"The ants are also hatching out about the same time, and as it is 
apparently necessary to keep the heat up in the nest, as fast as the 
iguana tears the hole open about midday, the ants build it up again 
in the evening. This goes on for five or six days, the iguanas 
regularly scratching the wall down in the morning, and the ants 
building up again in the afternoon until all the young iguanas are 
hatched out. 
"The principal difficulty is to know when one finds a soft side on one 
of these nests, 'Are the eggs just deposited or is the parent keeping it 
soft to let the young ones out?' for they seem to be laying and hatching 
all the summer." 
Ethel Hassell , circa. 1886. 
Between 1878 and 1886, Ethel Hassell lived at Jarramungup, a 
sheep station about 160 km north-east of Albany, Western 
Australia. She kept detailed notes on the customs of the local 
Aboriginal people and learnt from them about the natural 
history of the area. Her manuscript, "My Dusky Friends ", was 
completed about the turn of the century but was not published 
until 1975. 
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ABSTRACT 
This thesis describes a comprehensive field study of reproduction by a 
large monitor lizard. The species studied was the lace monitor, 
Varanus varius, which inhabits forests and woodlands of eastern 
Australia. 
The sparse literature on monitor lizards suggests some unusual 
features of reproduction but conveys a sense of frustrating mystery 
about the subject. Most species seem to have very long incubation 
periods; often termite mounds are used as nesting sites by the larger 
species including lace monitors; and a few authors record evidence of 
parental care. I aime~ to gather field data on the key parameters of 
reproduction by the lace monitor in order to evaluate the largely 
anecdotal literature and to understand the overall reproductive strategy 
of this species of monitor. 
I approached the study from three principal directions: observations of 
behaviour in the field; surgical inspection of the reproductive tract to 
determine sex and reproductive condition of live animals; and regular 
examinations of termite mounds. All work was conducted at one study 
site so I became thoroughly familiar with the habits of individual 
lizards and built up a clear picture of the way goannas used termite 
mounds throughout the breeding season. Because females bear the 
greatest energetic costs of reproduction, I concentrated my study effort 
on adult females. 
II 
I V 
t 
The results showed that female lace monitors have a strong, long-term 
attachment to an area of about 7 to 10 ha. They lay their eggs in late 
December or early January; always in termite mounds. 
Embryos incubate within mounds for about 10 months and hatch in 
spring. The walls of mounds do not soften following rainfall and 
hatchlings are unable to dig their way out. 
During spring, adult lace monitors dig tunnels down to clutches of 
eggs. 
From this evidence I concluded·that lace monitors provide for their 
large, slowly developing eggs by exploiting the safe, warm and hygienic 
conditions offered by termite mounds. Monitors avoid the only 
drawback to this strategy, imprisonment of the hatchlings, by digging 
out their young. Although I did not obtain direct evidence, I have 
argued that it is probably the mother who returns to release the young. 
If my conclusions are correct, this strategy is remarkably efficient 
because it provides the benefits normally associated with strategies 
requiring a high level of parental investment, such as viviparity or 
continuous brood attendance, without the costs. Female lace monitors 
are burdened with eggs for only a short time and need visit their nests 
only for brief periods when laying eggs and when they hatch. The 
termite colony provides the benefits and suffers considerable costs 
associated with regular damage to the mound. Therefore, lace 
monitors must be regarded as parasites on termite colonies. 
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CHAPI'ER ONE 
GENERAL INTRODUCTION 
1 
The egg is the most vulnerable stage in the life cycle of any oviparous 
reptile. It is immobile, has a narrow range of temperature and water 
requirements, is poorly armoured and contains rich nutrients which are 
attractive to predators and microorganisms. Reptiles display a range of 
strategies to protect their eggs. Some carefully hide them in burrows or 
crevices. Others spread the risk by laying several clutches during a 
season in different places. Conversely, communal nesting may be the best 
strategy where suitable incubation sites are uncommon. For a small 
number of species, parental care, in various forms, is a direct and 
effective means of protecting eggs. 
Reptiles laying large, slowly-developing eggs might be expected to face 
significant problems breeding in cooler climates. Where can they find a 
warm nesting place? How can they protect their eggs during a long period 
of incubation yet feed themselves during a short season? There is a high 
rate of viviparity amongst larger squamates living in temperate climates, 
presumably , as an adaptation to the shortage of nest sites and the 
difficulty of protecting eggs during incubation (Shine, 1985a, 1985b). 
Members of the Varanidae are amongst the largest of all squamates, they 
all lay eggs and several large species inhabit cool temperate regions of 
southern Africa and southern Australia. Little is known about 
reproduction in this family but some members are known to nest in 
termite mounds, most have very long incubation periods and there are 
persistent, but poorly substantiated, reports of parental care. 
These considerations led to my investigation into the reproduction of one of 
the largest varanids, the lace monitor Varanus varius. My work provides 
evidence of a novel reproductive strategy which permits these lizards to 
efficiently exploit the temperate environments of southern Australia. 
Elements of this strategy include females putting energy into breeding 
during the productive spring and summer; exploiting the ideal conditions 
for incubation offered within the mounds of termites; and young having 
2 
the maximum period of warm weather to grow and store fat before their 
first winter. 
1.1 THE VARANIDAE 
The family is represented by one extant genus, Vara nus, composed of 
about 35 extant species (Greer, 1989) distributed from Africa across Asia 
and the archipelagos of the western Pacific to Australia. All are athletic, 
diurnal, raptorial lizards characterised by an elongate, muscular body, a 
long, deeply forked tongue and usually a long tapered snout. This genus 
includes the world's largest lizard, Varanus komodoensis, and several 
other very large species as well as some which grow to no more than 30 
cm total length. Thus Varanus species span a size range of about 2000 
fold, the greatest of any reptile genus, and probably the greatest of any 
genus of tetrapods (Mertens, 1942). 
Researchers familiar with these lizards have commented on their 
wariness, intelligence, athletic capabilities and voracious predatory 
nature (Mertens, 1942; Regal, 1978; Pianka, 1986; Stebbins and Barwick, 
1968). It has been asserted that monitors occupy niches similar to 
mammals such as mustelids and felids, especially in Australia where 
there is a dearth of small to medium sized carnivorous mammals 
(Pianka, 1982, 1986). However, the physiological and physical capabilities 
of monitors are markedly different from carnivorous mammals and there 
is little sound evidence that they occupy similar niches (see Greer, 1989). 
Monitors generally show no sexual dimorphism other than size- -males of 
most, but not all, species grow much larger than females (Mertens, 1942). 
However, Auffenberg (1981) reports that male V. komodoensis have 
distinct rosettes of scales along the anterior margin of the cloaca whereas 
females do not and he used this character to distinguish between the sexes 
of these animals in his field studies. 
Often, the sex ratios of monitors in museum collections and from field 
studies have been found to be skewed towards males (review by King and 
Rhodes, 1982). In contrast, King and Rhodes (1982) showed that museum 
collections of Varanus acanthurus, a species commonly caught when 
inactive beneath rocks or logs, have a 1: 1 sex ratio. It is unlikely that 
,.._ ________ _ 
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skewed sex ratios are a real feature of varanid population structure, but 
rather of differences in behaviour and levels of activity which make males 
more likely to be caught by humans (Auffenberg, 1979; King and Green, 
1979). 
No Australian species of Varanus are regarded as endangered (Anon., 
1991) but, world-wide, the genus is and several species are hunted for food 
and skins. As a result, commercial trade in varanid products is limited 
under the Convention on International Trade in Endangered Species of 
Wild Flora and Fauna. The paucity of biological information on monitor 
lizards and the difficulty of studying wild populations severely limits the 
capacity of wildlife authorities to manage harvesting industries or other 
threats to monitor populations (Erdelen, 1991). Our knowledge of 
reproduction by any species of varanid in the wild is scanty (Auffenberg, 
1988). Thus, the present study was undertaken in part to improve the 
generally poor information available for this notable genus of lizards. 
1.2 REPRODUCTION BY V ARANIDS 
In the wild, most varanids lay a single clutch of leathery shelled eggs 
each year (Jacob and Ramaswami, 1976; Auffenberg, 1988; 
Wikramanayake and Dryden, 1988; King and Rhodes, 1982) but in captivity 
some species may breed more frequently (Horn and Visser, 1989). Clutch 
sizes range from two laid by V. acanthurus (King and Rhodes, 1982), and 
three or four by V. eremius (Pianka, 1968) to as many as 60 by V. niloticus 
(Patterson, 1987). Incubation periods for varanids are remarkably long- -
estimates for natural nests range from three or four months in V. 
acanthurus (King and Rhodes, 1982) to 10 months in V. niloticus (Cowles, 
1930) although there are no published measurements of incubation period 
in the field for any species. Eggs incubated artificially have taken as little 
as 57 days to hatch in V. prasinus and as much as 317 days for V. varius 
(see reviews by Horn and Visser, 1989; and Greer, 1989). 
With ope exception (Cowles, 1930) field studies on reproduction by 
varanids have relied almost entirely on dissections of collected specimens 
with little or no information on nests, hatching, incubation period or 
breeding behaviour. A few instances of mating have been observed in the 
field for some species (see review by Carter, 1990, Appendix A; also 
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Gaulke, 1989; Vogel, 1979). Published reports on nesting behaviour are 
invariably anecdotal notes usually concerning one sighting (Biswas and 
Kar, 1981; King and Green, 1979; Branch and Erasmus, 1982; 
Deraniyagala, 1957; Gaulke, 1989; Vogel, 1979). In the Philippines, 
Varanus salvator has been seen nesting in shallow burrows in sandy 
river banks (Gaulke, 1989) but nesting in termitaria is commonly reported 
for other large varanids including Varanus varius (see review by Riley et 
al.,1985; see also Fleay, 1960; Longley, 1945; Worrell, 1963; Biswas and 
Kar, 1981; Smith, 1931). 
The females of all Varanus species which have been studied showed 
definite breeding cycles (although sample sizes usually were small). 
Varanids inhabiting warm temperate areas begin vitellogenesis during 
spring and lay eggs in summer (Jacob and Ramaswami, 1976; King and 
Green, 1979; Cowles, 1930). In tropical and subtropical species egg laying 
may coincide with either the dry or wet seasons, depending on the species 
(Auffenberg, 1988; Shine, 1986; Wikramanayake and Dryden, 1988; Cisse, 
1976). The reproductive pattern reported by most authors is comparable to 
other lizards in similar environments except for the longer incubation 
period (Fitch, 1970). 
In South Africa, Varanus niloticus eggs hatch in late spring (Cowles, 
1930) and in Senegal hatchlings have been found in July (early rainy 
season) (Cisse, 1976). In the Phillipines Varanus olivaceus hatchlings 
appear during the May- -July monsoons (Auffenberg, 1988). In southern 
Australia, Varanus rosenbergi is thought to hatch in spring or early 
summer (King and Green, 1979) and Varanus acanthurus in northern 
and central Australia is thought to hatch in summer ( wet season) (King 
and Rhodes, 1982). Probably the most important factor in Varanus 
breeding strategies is the timing of hatchling emergence- -the scanty data 
available indicate that the time of hatching coincides with the season of 
greatest food production. 
The work by Cowles (1930) on V. niloticus is the most comprehensive study 
on nests of any species of Varanus. He did not say how many nests he 
examined but nine are mentioned in the text. However, all the eggs he 
found had been incubated for some time and he expressed some 
frustration at never witnessing nesting activities by females or even 
finding freshly laid clutches. This was despite offering generous rewards 
5 
to local Zulu people for such information. Cowles noted that "Even the 
Zulus are entirely ignorant of this habit (nesting in termitaria) even 
though they would be the most likely of all people to have found the nest. 
This likelihood is not only on account of their continual presence in the 
field but because of their habit of digging up the termite hills for use in 
floor making". Branch and Erasmus (1982) recorded that in the 50 years 
following Cowles' work no further observations on this nesting habit by V. 
niloticus had been published. 
The literature also contains persistent reports and speculation on various 
forms of parental care by varanids (see Table 1.1). However, in recent 
reviews all these reports have been regarded as "difficult to evaluate" or 
"unreliable" (Shine, 1988; Somma, 1990). 
1.3 NESTING IN TERMITARIA 
Throughout the world at least 33 species of squamate reptiles are known to 
lay eggs in the nests of social insects (Riley et al., 1985). Also, Magnusson 
et al. (1985) report that the dwarf caiman Paleosuchus trigonatus, which 
is not equipped to burrow into termite mounds, builds a nest at the side of, 
or on top of, termite mounds. About fifty species of birds, particularly 
kingfishers and parrots, construct nest burrows in termitaria (Hindwood, 
1959; Forshaw, 1981). Although the primary role of incubation is provided 
by the parent birds, the termitarium would offer some warmth as well as 
a convenient material for constructing a protective burrow. 
Many reptiles which use termitaria are small and can enter mounds and 
move around inside within the termite passageways. Large reptiles like 
the Teiidae and Varanidae burrow into mounds using their powerful 
claws. After laying the female lizard leaves the mound and the termites 
quickly seal the nesting hole as they would for any damage to their mound 
(Hindwood, 1959), cementing the eggs into the gallery structure (Cowles, 
1930). Termitaria are excellent natural incubators for reptile eggs: they 
maintain a relatively stable, elevated temperature and high humidity, 
they are difficult for predators to penetrate and the worker termites 
control the growth of bacteria and fungi (Riley et al., 1985; Noirot, 1970). 
However, the hard walls of some termitaria may imprison large 
hatchlings which cannot pass through termite passageways. The 
' 
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Table 1.1. Types of parental care reported or suggested for varanids in the 
literature. 
Author 
Auffenberg, 1981 
Auffenberg, 1981 
Berney, 1936 
Biswas and Kar, 1981 
Cogger, 1967 
Deraniyagala, 1957 
Gaulke, 1989 
Gow in Shine, 1988 
Hassell, 1975 
Mertens, 1987 
Smith, 1987 
Species 
V. griseus 
V. komodoe nsis 
V. gouldii 
V. salvator 
V. varius 
V. be ngale ns is 
V. salvator 
V. mitchelli 
V. gouldii 
V. varius 
V. varius 
Behaviour reported or 
suggested 
Return to nest hole after laying 
Protect the nest/assist neonates 
Move eggs to new nest site 
Attended nest for 9 days 
Female digs young out of nest 
Attended nest/dug decoy holes 
Digs decoy holes 
Female coils tail around brood 
Female digs young out of nest 
Female digs young out of nest 
Attended nest for 2 days 
7 
emergence of young into the outside world in such circumstances has 
never been convincingly explained. 
1.4 PARENTAL CARE BY REPTILES 
Shine (1988) defines "parental care" as any action of the parent after 
oviposition or parturition that increases the chances of survival of the 
offspring. Reptiles are not noted for this behaviour. However, Shine (1988) 
points out that post-partum care of young is simply one form of parental 
investment and another form of investment, viviparity, is common in the 
reptiles. As studies on viviparity have shown, the occurrence of increased 
parental investment may provide valuable insights into the limitations of 
ovipary; for example in cold climates where few suitable nesting sites are 
available (Fitch, 1970; Gross and Shine, 1981; Shine, 1985b). The recent 
descriptions of elaborate parental care by crocodilians seem to have 
stimulated renewed interest in parental care in other reptiles (eg. recent 
reviews by Shine, 1988; Somma, 1990). 
Crocodilians display the most complex parental behaviour presently 
known in the Reptilia (Lang, 1987). Crocodiles are aquatic but their eggs 
require terrestrial conditions and crocodiles are not well equipped to hide 
their large clutches on land. Hence, parental care is very common in this 
group, apparently as an adaptation to prevent predation on eggs and 
hatchlings (Metzen, 1977, cited Shine 1988). 
In contrast, even the simplest forms of parental care are rarely observed 
in the other orders of reptiles (Shine, 1988). There are probably no species 
of turtles or tortoises which care for young and only 2.4% of lizards and 
snakes are known to display parental care (Somma, 1990). Caring for 
offspring is less common in lizards (reported for 1.3% of oviparous 
species) than it is in snakes (reported for 2.8%)(Shine, 1988). 
Furthermore, care of newly-hatched young is very rare in oviparous 
squamates (some Tupinambis species care for young, Fitzgerald et al., 
1989 and personal communication) but care of new-born young is slightly 
more common in viviparous species (Shine, 1988). Parental care in 
reptiles is performed almost always by the female (Shine, 1988). 
, 
Shine (1988) recognises four main categories of parental care in 
squamates: 
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1. female buries eggs and defends nest site briefly against conspecific 
females- -widespread in iguanine lizards but not other squamates; 
2. female coils around eggs, defends them against predators and 
warms them by shivering thermogenesis- -pythons; 
3. female remains with eggs after oviposition and may defend them 
against predation or pathogens- -most common form of parental 
care reported for squamates; 
4. female aids newly-born or newly-hatched young- -reliably reported 
1; only for skinks of the genus Eumeces. 
1.5 PARENTAL CARE BY VARANIDS 
Table 1.1 lists the known records or suggestions relating to parental care 
in monitor lizards. The behaviours include attending a nest, defending a 
nest, assisting young, moving eggs to a new site, digging decoy holes and 
releasing hatched young from termite mounds. All the records are either 
very vague or refer to observations of a single incident. The absence of 
repeated, detailed observations in the field or in captivity casts doubt on the 
extent to which these references reflect normal behaviour of monitor 
lizards. 
1.6 THE STUDY OF REPTILE REPRODUCTION 
Traditionally, studies of reproduction in reptiles have relied on direct 
examination of the gonads of freshly killed or preserved specimens (Fitch, 
1970). Natural history notes are added opportunistically rather than as an 
integral part of most studies. Fitch ( 1970) makes the important point that 
the reproductive cycle of males is of only marginal interest because the 
primary cost of reproduction is borne by females- -the production of sperm 
is not energetically costly. Therefore, a study of the reproductive cycle of 
females gives more meaningful information about the ecology of a species . 
ji 
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Fitch (1970) cites seven features of reproductive cycles which he regards as 
important for a complete study: (1) whether the reptile is oviparous or 
viviparous and if oviparous whether part of embryonic development takes 
place in the oviduct; (2) seasons of copulation, ovulation, 
oviposition/parturition and hatching; how these are correlated with 
annual climate and whether the reproductive cycle is annual; (3) if more 
than one brood or litter is produced annually, the interval between 
ovulation cycles and the effects of the abundance of food; ( 4) period of 
incubation or gestation; (5) age at sexual maturity; (6) number of 
offspring per brood; (7) intraspecific differences in the above factors, 
arising from individual variation, from age and size and from geographic 
variation. 
I would add that information on nesting requirements and evidence of 
parental care also are important points in any reproductive study. 
1.7 THE STUDY OF REPRODUCTION BY LACE MONITORS 
The subject of the present study, Varanus varius , also known as the tree 
goanna, grows to be one of the largest monitor lizards. The largest 
specimen recorded had a mass of 14 kg which makes it the second largest 
terrestrial carnivore indigenous to mainland eastern Australia; only the 
dingo (Canis familiaris dingo) is larger (Weavers, 1988). 
V. varius is widely distributed in wooded and forested parts of eastern 
Australia from tropical north Queensland to southern Victoria and 
westwards through semi-arid woodlands to South Australia (Cogger, 
1986). This goanna is a very capable tree climber. It survives in intact 
woodlands close to urban areas and is well known to frequent picnic and 
camping areas and rubbish dumps to scavenge. 
The purpose of the present study was to discover what sort of reproductive 
strategy was used by this very large, egg-laying predator in the temperate 
environment of south-eastern Australia. The investigation had the 
following specific aims: 
1. To describe the reproductive cycle of female lace monitors. 
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2. To determine the role played by mound-building termites in their 
reproductive strategy. 
3. To evaluate published suggestions as to how hatchling lace 
monitors are released from termitaria. 
In order to pursue these issues it was necessary to obtain anatomical 
information on sex and reproductive cycles and relate this to the activities 
of lace monitors in the field. This required developing a technique for 
examining live goannas and returning them unharmed to the study site. 
The surgical technique of laparoscopy appeared to be able to meet these 
requirements and a satisfactory procedure was developed for applying this 
technique to a study of wild goannas. 
I began the study by collecting data on size, diet, movement, and daily and 
seasonal activity in order to become familiar with lace monitors and the 
study site. Fortunately, Weavers (1983) had developed reliable methods for 
catching, handling and radiotracking lace monitors during his study of 
thermoregulation so ~ was able to apply these methods at the beginning of 
my study. It soon became apparent that goannas frequently burrowed into 
termite mounds so I began patrolling a selection of these, noting goanna 
scratchings and burrows, in order to try to understand the significance of 
this behaviour. The development and application of the laparoscopy 
technique and methods for observing natural behaviour of lace monitors , 
combined with the other fieldwork enabled me to achieve all three aims 
and to describe a reproductive strategy which accords with the evidence. 
The findings are presented in the following way: Chapter 2 provides the 
setting for this work by describing the study site and climate. Chapter 3 
contains the routine methods used during the study. Chapter 4 sets down 
aspects of the biology of the monitors which were not directly related to 
reproduction but are important background for understanding the last 
three chapters. Chapter 5 presents the findings on sexual maturity, 
reproductive cycles and breeding behaviour; and Chapter 6 is concerned 
with the properties of termitaria and the findings about goanna nests. In 
Chapter 7 the results are drawn together in a model of the reproductive 
strategy adopted by this species together with speculation on how such a 
strategy may have evolved. 
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CHAPTER1WO 
STUDY SITE 
2.1 PHYSICAL DESCRIPTION 
All fieldwork was conducted in the valley of the Deua River, Deua 
National Park, in south-eastern New South Wales (35° 46' S, 149° 56' E). 
The study site was a five km length of the valley between the properties 
"Merricumbene" and "The Lagoon" (see Fig. 2.1). The Deua is one of 
several short rivers which flow through the deeply dissected foothills of 
the prominent escarpment which parallels the coast of southern New 
South Wales. The country was steep and rugged with stoney soils based 
on Devonian sediments and metamorphic rocks (greywacke, shale, 
sandstone, chert, phyllite and schist). 
Vegetation. The following description was based on the vegetation map of 
the Deua National Park (Gilmour, 1987). At the study site the slopes and 
ridges were covered by an open stringybark forest of Eucalyptus globoidea, 
E. muellerana, E. gummifera, and E. consideniana with a canopy rarely 
exceeding 20 m. The narrow floor of the valley was dominated by 
Casuarina cunninghamiana which grew to 25 m. On the rich alluvial 
banks tall, smooth-barked gums such as E. elata, E. tereticornis and E. 
viminalis as well as Angophora fioribunda were found in patches. 
Common understorey species included Bursaria spinosa on the lower 
-
slopes, Xanthorrhoea resinosa on steep rocky slopes, Macrozamia 
communis on shaded slopes and bracken ferns along the river bank. 
Small patches of temperate rainforest grew in narrow shaded gullies and 
on south-facing banks of the river. There were a number of cliff faces and 
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large fractured rocks which provided roosting sites and overwintering 
retreats for goannas. 
The forest floor was generally very open and easy to walk through with, in 
unburnt areas, a layer of leaf litter and fallen branches covering the soil. 
Fallen trees, many of them hollow, were common throughout the study 
site and these, together with the many standing hollow trees, were the 
most common roosting sites chosen by goannas. 
Fauna. Mammals commonly found at the site were the swamp wallaby 
Wallabia bicolor, grey kangaroo Macropus giganteus, red-necked wallaby 
Macropus rufogriseus, wombat Vombatus ursinus, sugar glider 
Petaurus breviceps, brush-tailed possum Tricosurus vulpecula, long-
nosed bandicoot Parameles nasuta, platypus Ornithorhynchus anatinus, 
echidna Tachyglossus aculeatus and Antechinus stuartii. Feral pigs, 
cats and rabbits were the main exotic species apart from straying cattle, 
sheep and domestic dogs. Among the reptiles the water dragon 
Physignathus leseurii, black snake Pseudechis porphyriacus and brown 
snake Pseudonaja textilis were very common. Diamond pythons Morelia 
spilotes spilotes were seen occasionally. 
In the river, eels, probably Anguilla australis, were the most common 
fish. 
The site supported a diverse bird fauna. Excluding waterfowl, about 190 
native and seven exotic species of birds are likely to occur in the Deua 
catchment (Anon. circa 1986) 
Prominent invertebrates include two species of mound building termites, 
Nasutitermes exitiosus and Coptotermes lacteus. Plagues of cicadas 
(Homoptera) in the 1987 /88 summer and grasshoppers (Orthoptera) and 
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christmas beetles (Coleoptera) in the 1988/89 summer provided abundant 
food for goannas. Large spiders, beetles, grasshoppers and the large 
larvae of moths and beetles were very common in the stomach contents of 
goannas. 
2.2 LAND USE 
Aboriginal stone artefacts have been recorded from at least 18 sites in the 
Deua valley indicating extensive Aboriginal use of the area (Anon. circa 
1986). Goannas would have been hunted for food (Coyne, 1980, Phillips, 
1989). European settlement of the valley began in the early 1800s and the 
discovery of gold in the 1850s stimulated a rapid increase in population 
and considerable environmental degradation (Anon. circa 1986). Mine-
shafts and shallow mine-workings as well as the remains of prospector's 
huts were found at the study site. 
At the time of my study there were very few human visitors or residents. 
A narrow gravel road ran along the east bank of the river and a few fire 
trails extended into some of the most remote sections of the park. Four 
public camping areas were distributed along the river but only a few 
barbeques and a single toilet were provided. Camping, swimming, 
canoeing, horseriding, bushwalking and traveling the fire trails by 
vehicle were the main leisure activities. Usually the study area was 
deserted throughout the week and even at the busiest times, Easter and 
Christmas, there were only a dozen or so groups of campers. So visitors 
caused little disturbance to goannas for most of the time. Their main 
effect was to leave food scraps which the goannas scavenged at camping 
sites. 
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Private and leasehold land bordering the park was used mainly for 
grazing cattle and sheep but also for orchards, crops and timber 
harvesting. Stock frequently strayed into the park. Within the study area 
animals such as swamp wallabies and wombats were killed on the road, 
occasionally kangaroos were shot, animal carcases were sometimes 
dumped and food scraps were left by visitors- -all provided windfall food 
for the local goannas. 
2.3 CLIMATE 
Bureau of Meteorology rainfall records have been maintained by honorary 
observers living near McGregors creek ( <4 km downstream from the 
study site) since February 1960 except for 1978 and 1979. Since 1981 they 
have been recorded at "The Lagoon" (F. Hood, personal communication). 
Mean annual rainfall is 1155 mm with the highest monthly rainfall 
occurring in March and November (see Fig. 2.2). 
The first field season of the present study, 1987 /88, came at the end of two 
years of low rainfall; 744 mm of rain in 1986 and 654 mm in 1987. The 
country was dry, there was very little understorey vegetation and the Deua 
River was low and easily forded. In April/May 1988 heavy falls caused the 
river to flood to a depth of 6 m and above average rainfall was recorded 
throughout the remainder of that year (1491 mm for the year) and the next 
(1371 mm in 1989). The river remained high following the 1988 flood and 
often could only be crossed by canoe. Ground vegetation and other plants 
flourished during 1988 and 1989. 
During field trips a maximum/minimum thermometer, housed in a 
white, well ventilated, wooden box (similar to, but not, a Stevenson Screen) 
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Fig. 2.2. Histograms of rainfall from Bureau of Meteorology data . 
Rainfall was recorded at McGregors Creek, < 4 km SE of the study site, or 
at "The Lagoon" from 1960 to 1989 except for 1978 and 1979. Histogram A 
shows the mean monthly rainfall for all of these years. Histograms B, C 
and D show the monthly rainfall during the years when most of the 
fieldwork was done. 1987 was a dry year whereas 1988 and 1989 were ver:· 
wet. 
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was placed at a height of 1.5 m in an open paddock within the study site. 
These temperature records, averaged over each month are shown in Fig. 
2.3. The highest temperature recorded was 43 Con 3 January 1990 and 
the lowest was 4 C on 8 June 1989 and 9 October 1989 One or two frosts 
were recorded by the weather observer at "The Lagoon" during most 
winters. 
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Fig. 2.3. Graph of the mean monthly maximum and minimum 
temperatures recorded by me at the study site. These records were made 
using a maximum/minimum thermometer housed in a white, ventilated 
box in an open field. Temperatures were read only during field trips. 
CHAPrER THREE -
GENERAL METHODS 
This chapter outlines the routine methods used throughout the study. 
Techniques specific to certain parts of the study are explained in the 
relevant chapters. 
3.1 FIELDWORK 
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Over the period September 1987 to October 1990, 257 days were spent at the 
study site. This period spanned: two entire seasons of activity for 
goannas; the spring/early summer period of the third season and two 
weeks in mid-spring in the fourth season. During the warm months, 
September to March, field trips were usually 10 to 14 days each month. 
For the cooler part of the year shorter trips of a few days were made at 
intervals of six to eight weeks. 
3.2 CAPTURE AND RESTRAINT 
Most goannas were caught while they clung to a tree-trunk, using a pole 
and noose apparatus as described by Weavers (1983). The pole extended to 
about 6 m and was fitted with wire or nylon nooses which were tightened 
around the goanna's neck by rotating the pole. In response to capture 
goannas often opened their mouths and expanded their throats permitting 
inspection of the hyoid cartilages, blood vessels, oesophagus and trachea 
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as far down as the pectoral girdle. No goanna ever exhibited any damage 
to these organs after noosing. 
Usually, goannas were caught less than 7 m from the ground, within 
range of the pole. However, some goannas had to be caught by climbing 
trees to a height of about 20 musing climbing equipment. Some goannas 
were caught by hand, usually when they were digging in termite mounds. 
One large male was caught by hand five times as he lay on the ground or 
as he slowly climbed a tree. Some telemetered goannas were retrieved by 
digging them out of burrows or cutting them out of hollow logs. Most 
goannas were found by chance while driving or walking around the study 
site but sometimes animal carcases were used as lures. 
After capture goannas were placed in strong"( 12 oz duck) canvas bags 
secured with a webbing strap. When goannas were warm their strength 
and endurance plus sharp claws and teeth made them difficult to control 
but they were easier to handle if allowed to cool down in a bag overnight. 
Also, animals often regurgitated and/or defaecated during the night thus 
providing material for dietary records. For routine measuring and 
marking they were restrained on a 1 m padded board equipped with eight 
webbing straps (Weavers, 1983). A cloth bag secured over the head 
quietened them and appeared to minimise their distress during these 
procedures. 
3.3 MORPHOMETRY 
Goannas were weighed to a precision of± 3.8% or better with spring 
balances. Snout-vent length (SVL) was measured by running a piece of 
string along the spine from the anterior margin of the rostral scale to a 
point on the tail directly above the cloaca. The length of string was 
measured to the nearest 5 mm with a metal tape. The tail length was 
measured in a similar way. 
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The length and width of eggs and the length and width of goannas ' heads 
were measured to the nearest 0.5 mm with vernier calipers. The SVL of 
embryos and hatchlings was measured to the nearest 1 mm by laying 
them straight on a transparent plastic ruler and reading the 
measurement from beneath. 
3.4 MARKING 
To enable animals to be identified from a distance coloured bands were 
painted on the base of the tail as described by Weavers (1983) using water-
soluble acrylic paints. Some colour bands were lost through skin 
shedding within 6 weeks but others remained for as long as 23 months . 
A permanent mark was made by excising a coded set of scales from the 
enlarged comb-like fringe of scales under the fourth toe (Plate 3.1). On all 
recaptured animals the scars were clearly recognisable even 19 months 
after marking. This method was preferable to toe clipping because it did 
not deprive these arboreal lizards of one or more of their strongly-clawed 
digits. 
To increase the accuracy of identifications most goannas were 
photographed and sketches were made on data sheets of scar patterns, 
injuries and deformities. The banding on the throat and on the forelegs 
was prominent on all goannas and varied sufficiently to distinguish 
between individuals. 
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Plate 3.1. The fringe of about 10 or 12 enlarged scales on the fourth toe of 
lace monitors. These scales were used to permanently mark all animals 
captured at the study site. The scale closest to the crotch, termed the "O" 
scale was always left in place. The next four scales represented 1, 2, 4 and 
7 as shown. Removing one or two of these scales gave all nine digits. 
On this individual, #3, scales 1 and 2 were removed several weeks before 
and the area has completely healed. 
The fourth toe on the left hind foot was used to mark units and the 
corresponding toe on the right hind foot was marked with tens, giving 99 
combinations. The numbering system was expanded by removing 
additional scales further along the toe to represent hundreds. 
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3.5 DIET 
Stomach contents and faeces were recovered from the capture bag or if the 
animal provided such material in the course of capture and handling. 
The material was stored in 70% ethanol and later washed in a fine sieve, 
sorted and the remains identified. The methods of Brunner and Coman 
(1974) were used to identify the mammal hair. 
3.6 RADIOTELEMETRY 
Telemetry was used to relocate individual goannas for observations of 
behaviour and to map home ranges. Three models of 2 stage transmitter 
were used: Sirtrack from Department of Scientific and Industrial 
Research, New Zealand; P2 supplied by AVM Pty Ltd and a model 
supplied by Austec Pty Ltd. All were powered by 3.5 v 1/2 AA Lithium 
batteries. The transmitters were packaged according to the methods of 
. 
Weavers (1983) but using dental acrylic for the outer casing. Each 
complete package had a mass of between 19 and 22 g which was less than 
1.5% of the mass of the smallest goanna fitted with a transmitter. 
Packages were attached with Pliobond 20 contact adhesive and stainless 
steel sutures to the side of the tail close behind the rear leg (Weavers, 
1983). The area of attachment was swabbed with alcohol and white spirit 
and the site injected with 0.2 ml of lignocaine delivered in 3 or 4 doses. 
After attaching the transmitter the sutures and wire loops were smeared 
with 5-minute araldite to protect the sutures from abrasion and to create a 
smooth surface to minimise the impediment to the goanna (see Plate 3.2). 
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Plate 3.2. A radiotransmitter in place on the tail of an adult female 
goanna . The package was sutured to the skin under local anaesthetic 
and then coated with an epoxy resin to provide a smooth, rugged surface 
(method of Weavers, 1983). The painted bands on the tail allow the 
individual to be identified from a distance (Weavers, 1983). 
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The receiver was a ten channel Austec model with ten crystals matched to 
the transmitter crystals. Although limited in the range of frequencies it 
could receive, this unit was cheap, reliable, compact and easy to carry in 
the difficult terrain. The aerial was a two element yagi made by Titley 
Electronics, Ballina, NSW. 
The transmitters used for tracking hatchlings were single stage models 
made by Mr J. Bishop of the Zoology Department ANU, using very small 
crystals and batteries. They were mounted on a small square of gauze 
which was glued to the dorsal skin of the hatchlings just in front of the 
pelvis. These complete packages weighed 1.2 g ( <6% hatchling mass). 
3.7 OBSERVING BEHAVIOUR 
Individual goannas vary greatly in their response to humans. One male 
was caught by hand five times and showed almost no concern about being 
approached. At camping and picnic areas scavenging goannas may 
become very bold and will approach humans to take food from their 
hands. Other animals were extremely wary and were seen only two or 
three times after being caught even though they could be regularly and 
accurately located by telemetry over several months. These individuals 
would hide in a rock crevice or tree hollow before they could be seen by a 
human observer. 
Most goannas encountered were wary of people so a new type of hide was 
designed which enabled them to be watched for long periods even as they 
moved (Carter, 1988). The hide was simply a large conical canvas bag 
with a viewing slit which was worn like a hood covering the whole of the 
observer's body. It could be carried folded over a belt or in a pack and 
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could be put on quickly and used in any terrain. Goannas and other 
wildlife usually ignored the hide even when it was necessary for the 
observer to move while they were watching. If goannas were interrupted 
while they were doing something interesting, such as digging in a termite 
mound or mating, the hide could be put on and often after about 20 min 
the animals would resume their activity. 
Usually the method for observing goannas was to locate a telemetered 
animal in its overnight roost and then wait in the hide from about 0700 h 
the next morning, before the animal emerged. In this way goannas were 
watched for up to six hours with no evidence that their behaviour was 
affected by the presence of a human observer. 
There are obvious limitations on the ability of a single human observer to 
record rare, but important behaviour. Time-lapse photography was used 
to record the activities of goannas at termite mounds, and in an attempt to 
collect evidence that a female returns to release her brood once they have 
hatched. Two Super 8 movie cameras equipped with interval timers were 
used. They could take one frame every minute for about 4.5 days. The 
films were inspected on an 8 mm movie projector equipped with slow-
motion and freeze-frame functions. 
3.8 DISSECTION AND HISTOLOGY 
A total of twelve goannas were killed for dissection and four were found 
freshly- dead on the road or had been shot by hunters. In all cases they 
were dissected as soon as possible, the viscera were photographed, the 
stomach contents were examined, the gonads were removed, weighed and 
measured and fixed in 10% formalin. In most cases the carcase was 
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frozen for later lodgement in the Australian National Wildlife Collection, 
CSIRO, Canberra (specimen numbers ANWC R5199 to R5219). 
3.9 TERMITE MOUNDS 
Selected termite mounds were labeled with an aluminium tag secured to a 
nearby tree and were visited regularly to record evidence of goanna 
activities. Burrows made by goannas were measured and sketched and 
then inspected to determine whether there was a nest at the end. Some 
termite mounds were split in half with a pick to examine internal 
structure and to look for goanna eggs. Mounds were dissected at times 
throughout the year and during both wet and dry weather to look for 
marked softening of the walls which may have coincided with the 
emergence of ha tchlings. 
CHAPTER FOUR 
GENERAL BIOLOGY 
The information presented in this chapter covers aspects of the biology, 
general habits and capabilities of lace monitors not directly associated 
with reproduction but which are important in understanding the 
reproductive strategy outlined in subsequent chapters. 
4.1 INTRODUCTION 
4.1.1 LONGEVITY AND MORPHOMETRY 
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Longevity records for lace monitors in captivity have been reported as 7 
years (Goin and Goin, 1971), at least 10 years (Bredl and Schwaner, 1983), 
at least 15 years (Kennerson, 1979) and more than 20 years (Kennerson, 
1979). In the wild, Weavers (1988) suggested that very large animals were 
probably much older than 20 years because of their slow growth rates and 
the absence of any apparent age classes in his field data. 
The largest recorded lace monitor was a male with a mass of 14 kg (SVL 
750 mm and TL1920 mm) and the mean measurements of 96 animals 
larger than 800 g from south-eastern Australia were 4.4 kg, 603 mm SVL 
and 1474 mm TL (Weavers, 1988). Almost no information is available on 
juvenile and hatchling lace monitors other than the observation that they 
are very rarely seen in the wild (Weavers, 1983). 
I 
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My study was expected to be too short to provide much information on 
longevity, but growth rates and survivorship during the study provided 
some relevant evidence. 
4.1.2 DIET AND FORAGING 
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Lace monitors, in common with most members of the genus, are regarded 
as widely searching or actively foraging predators and scavengers (Losos 
and Greene, 1988). They are entirely carnivorous or insectivorous and 
will take a variety of prey. Weavers (1989) found no relationship between 
the size of prey and the size of the lace monitor which had eaten it- -small 
goannas fed on large mammal carrion and large goannas were recorded 
eating insect larvae. Diet was not a significant part of the present study 
but information on food items was recorded from animals which were 
dissected or which regurgitated or defaecated during handling. 
4.1.3 HOME RANGE AND MOVEMENT 
There is a considerable body of literature on the home ranges of lizards 
and general agreement that adults of most species occupy a defined area 
at least for a significant period of their lives (see review by Stamps, 1977). 
Most ecological studies include some measurement of home range and 
there have been a number of reviews seeking general patterns (Turner et 
al., 1969; Stamps, 1977; Christian and Waldschmidt, 1984). However, 
correlations between body size and home range (Turner et al. , 1969) have 
been criticised as being too simplistic for not taking into account 
differences in feeding mode, availability of food and habitats occupied 
,-
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(Christian and Waldschmidt, 1984; Auffenberg, 1988). For example, the 
home range of Varanus griseus in Israel was much larger than predicted 
by the equation of Turner et al. (1969) (Stanner and Mendelssohn, 1987) 
whereas the home range of V. olivaceus was much smaller (Auffenberg, 
1988). V. griseus is a carnivore inhabiting deserts whereas V. olivaceus is 
omnivorous, with a high proportion of fruit in the diet, and it inhabits 
tropical rainforest. Therefore it is not surprising that body size alone 
should be any more than a very rough guide to the size of a home range. 
It is usually assumed that a large number of locations for any animal will 
give the best estimate of home range (Christian and Waldschmidt, 1984). 
However, there are other considerations in defining and measuring the 
home ranges of lizards, including lace monitors, because they may not 
traverse their entire home range in a short period. Indeed, during 
winter, lace monitors usually spend weeks in the same tree (Weavers, 
1983). Thus, a large series of locations may not give an accurate estimate 
of home range if it is taken over a short time. Conversely, if the number of 
locations is recorded over a long period there may be shifts in the home 
range as the animal grows or responds to changes in the availability of 
resources. For example, in the months following high rainfall there may 
be abundant insect food in part of the original range and the lizard may 
confine its activity to a smaller area. In dry years the home range may 
expand as the abundance of food declines and the lizard has to forage 
more widely. 
Statistical methods attempting to correct for small samples of location 
data (e.g., Jennrich and Turner, 1969) have been questioned on the 
grounds that they over-inflate the home range estimate and that they may 
include areas which are not occupied by the individual (Christian and 
Waldschmidt, 1984). Consequently more recent work has relied on the 
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convex polygon measurement (Auffenberg, 1988; Christian and 
Waldschmidt, 1984). Christian and Waldschmidt (1984) recommended at 
least 16 locations for this measurement and in some cases a small 
correction factor. 
The work by Weavers (1983) provides the only systematic information on 
home range for V. varius. The mean area of a convex polygon enclosing 
all the locations (without a correction for sample size) of 11 males with 
masses from 1.8 to 7.0 kg was 65 ha and ranged from 13.9 ha to 127.5 ha. 
These home range estimates were based on between 6 and 43 locations 
over periods of from 2 to 19 months. The data show no relationship 
between mass of the goanna and the size of its home range. 
If it is true that female V. varius return to dig out their young following 
incubation then they would need to be familiar with the resources 
(especially the termite mounds) of a defined area and would need to be 
nearby at the time of hatching so that they could relocate their nest. 
Location data should show that they occupy a home range and that they do 
so for at least the entire incubation period of a nest. In the present study 
data collection concentrated on obtaining locations of individual females 
over as long a time period as possible and the results were expressed as 
convex polygons. 
4.1.4 DAILY AND SEASONAL ACTIVITY 
Most monitors are diurnal although there are records of nocturnal 
activity in some species (Greer, 1989). Lace monitors have not been 
recorded as being active at night. The term "roost" was used by Weavers 
(1983) to denote the place where a goanna passes the time when it cannot 
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maintain its operating temperature; overnight, during cold weather and 
in winter. Weavers (1983) found that overnight roosts were not always 
well sheltered even during very cold nights. Auffenberg (1988) reported 
that V. olivaceus enters shelters at night and usually is diurnal although 
individuals may leave their shelter to begin daily activity well before 
. 
sunrise. 
Weavers (1983) found that male lace monitors did not hibernate but 
emerged on sunny days even in mid-winter when they were able to raise 
their body temperatures to as high as 38.1 C when the air temperature 
was less than 16 C throughout the day, by carefully orientating their 
bodies at right angles to the sun's rays. 
Weavers (1983) proposed the following model for daily thermoregulatory 
pattern on a clear sunny day: a goanna emerges to bask soon after 
sunlight falls on the entrance to its overnight retreat. The body 
temperature rises to an operating temperature between about 32 and 37 C 
and remains relatively stable throughout the day. A final peak in body 
temperature usually is attained prior to retiring for the night. In 
summer the operating temperature may be maintained for 10 h or more 
but in mid-winter it could be maintained for only 1 or 2 h. Mean 
emergence time in summer was 0736 hand in winter was 1012 h 
(Weavers, 1983). 
4.2 MEIHODS 
4.2.1 LONGEVITY AND MORPHOMETRY 
Goannas were measured and weighed usually each time they were 
caught (see Section 3.3). The most useful measurement of size for these 
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monitors is snout-vent length (SVL). Mass is subject to wide variation 
depending on the individual's health, fat storage, reproductive condition 
and whether or not it has recently fed. Total length (TL) also is an 
unsatisfactory measure of size because often the end of the tail is missing. 
Nevertheless, mass and total length are generally recognised measures of 
size and were recorded for comparison. Measurements of head width and 
length (see Section 3.3) were taken to investigate sexual dimorphism. 
4.2.2 DIET AND FORAGING 
Stomach contents and faeces were collected from animals during 
handling or dissection and preserved in 70% alcohol. All material 
collected from an individual during one capture event, whether 
regurgitated or defaecated, was pooled. In the laboratory the samples 
were washed in a fine sieve and the recognisable particles were separated. 
The invertebrates were identified to order and counted, the mammal hair 
was identified to species, where possible, by the methods of Brunner and 
Coman (1974), the reptiles were usually identified to species but bird 
remains apart from the magpie chick were recognisable only to class. 
Foraging behaviour was recorded in the course 0f observations from 
within a hide or when unwary goannas were found by chance. 
4.2.3 HOME RANGE AND MOVEMENT 
Every time a marked goanna was identified in the field its location was 
recorded on a map at the scale of 1:5,000. Few of these records were 
obtained through chance encounters; mostly individuals were located 
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with the aid of telemetry. Because the response of a goanna to the close 
approach of a human was to climb a nearby tree rather than to try to run 
away, the process of locating individuals did not significantly alter their 
location. However, goannas often remained in a tree for an hour or more 
after such an encounter and some moved a distance of several hundred 
metres soon after descending. Therefore, repeated locations of a goanna 
over a short period could not safely be regarded as independent events or 
as representative of normal activity. For these reasons, the frequency for 
locating individuals was set at no more than once per day and most 
animals were recorded only two or three times during a ten day field trip. 
Telemetry was used primarily to locate females. Weavers,(1983) had good 
data on activity ranges of males in similar habitat less that 30 km from my 
study site which could be used for comparison. Nevertheless, an attempt 
was made to measure the home ranges of three small males of about the 
same size as adult females to determine whether animals of a similar size 
but opposite sex had the same home range. However, insufficient data 
could be obtained because of the failure or loss of all three transmitters. 
The movements of hatchlings was followed by gluing tiny transmitters to 
four individuals found in one nest and by taping spools of fine thread 
150 m long to four hatchlings from another nest. 
4.2.4 DAILY AND SEASONAL ACTIVITY 
All sightings of goannas were recorded and notes were made of their 
activities. Telemetered animals were regularly located and many hours 
were spent watching them from within a hide. 
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4.3 RESULTS 
4.3.1 LONGEVITY AND MORPHOMETRY 
During my field work no animal showed any measurable growth and no 
marked animals were known to have died. The greatest interval between 
measurements of an individual was 17 months and the greatest interval 
between first and last sightings of an individual was 28 months. 
Table 4.1 summarises the measurements of non-hatchling males and 
females. Females reach a maximum size which is much smaller than 
the maximum size of males. Fig. 4.1 expresses this as a frequency 
histogram of SVL for all captured animals of known sex. The male with 
the largest mass was 8.8 kg and was 73.5 cm SVL but the longest was 
76.5 cm SVL, with a mass of only 7 .1 kg. The largest female was 52.0 cm 
SVL with a mass of 2.47 kg. Amongst the museum specimens examined, 
the largest female was 57.5 cm SVL (Bermagui NSW, AM R96478, 
Australian Museum). Inspection of the data on head measurements 
provide no clear evidence of sexual dimorphism. 
The measurements of hatchlings are summarised in Table 4.2. 
Hatchlings average about 130 mm SVL, about 326 mm total length and 
have a mass of about 25 g. 
4.3.2 DIET AND FORAGING 
The results of the analysis of 51 gut contents are presented in Table 4.3. 
Seventy two percent of samples contained arthropods, 41 % contained 
carrion (ranging from road killed skinks to cattle carcases) or human 
garbage; 14o/o contained reptile eggs or reptiles; 5.9% contained fledgling 
11 
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Table 4.1. Summary of morphometrics of non-hatchling lace monitors. 
Males grow to a much larger maximum size than females. 
Parameter Mean+ SE Range N 
Males 
Snout-vent length (cm) 63.4 ± 1.55 37.0 - 76.5 46 
Total length (cm) 155.7 ± 2.93 100.0 - 193.5 46 
Head length (mm) 98.5 ±2.15 62.5 - 117.3 46 
HeadWidth (mm) 42.5 ± 1.02 24.8 - 50.5 46 
Mass (g) 4961 ± 348.98 510 - 8800 46 
Females 
Snout-vent length (cm 45.6 ± 0.88 31.5 - 52.5 40 
Total Length (cm) 117.4 ± 2.57 92 - 143.5 40 
HeadLength (mm) 75.5 ± 1.05 57.0 - 84.3 40 
HeadWidth (mm) 32.5 + 0.51 25.0 - 37.7 40 
Mass (g) 1472 ± 80.12 400 - 2470 40 
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Fig. 4.1. Frequency histogram of snout-vent length comparing males and 
females. The maximum size attained by females is much smaller than 
that attained by males. 
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Table 4.2. Summary of morphometrics of hatchling lace monitors. All 
individuals were either recovered from termite mounds or hatched in the 
laboratory. They were measured within days of hatching. Snout-vent 
length and mass were the most important measures of size and were 
recorded for all individuals. Total length, head length and head width 
were measured on a smaller sample. 
Parameter Mean+ SE Range N 
Snout-vent length (mm) 130.2 ± 0.633 117-142 77 
Total length (mm) 326.2 + 2.372 295 - 352 47 
Head length (mm) 29.5 + 0.118 27.5 - 31 53 
Head width (mm) 13.57 ± 0.096 13 - 14 15 
Mass (g) 25.2 + 0.325 20 - 31 77 
I 
I· 
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Table 4.3. Items recorded from stomach and faecal samples taken on 51 
occasions from goannas. The "c" in column two indicates that the items 
were taken as carrion. The skink eggs were probably those of Lampropholis 
mustelina because goannas contained as many as 37 eggs, each about 9 mm 
long, and L mustelina is known to lay communal clutches (Wilson and 
Knowles, 1988). 
Total Number of goannas Percent 
Prey taxon number containing of goannas 
of prey in this prey and containing 
all samples size rane:e (cm SVL) this prey 
Mammalia 
Unidentified macropod 2c 2 (60.5-75.0 ) 3.92 
Macropus giganteus 1 C 1 (73 .5) 1.96 
Wallabia bicolor 1 C 1 1.96 
Trichosurus uulpecula 5 5 (61.5-74.5 ) 9.80 
Parameles nasuta 1 1 (70 .5) 1.96 
Oryctolagus cuniculus 2 2 (70 .0-73.5 ) 3.92 
Bos taurus 2c 2 (60 .0-75 .0) 3.92 
Sus scrofa 3c 3 (42.0-66.0 ) 5.88 
Felis catus 1 1 (65.0 ) 1.96 
Unidentified 4c 4 (49.0-70 .0) 7.84 
Aves 
Gymnorhina tibicen 1 1 (40.5 ) 1.96 
Unidentified fledgling 2 2 (51.0-60.5) 3.92 
Unidentified bird bone 1 1 (50 .0) 1.96 
Reptilia 
Physignathus lese urii 2c 2 (45 .0-65 .0) 3.92 
Pseudechis porphyriacus 2c 2 (65.0-72.5 3.92 
Lampropholis mustelina 1 C 1 (65 .0) 1.96 
Skink eggs 117 6 (34 .0-60 .5) 11.76 
Arachnida 
Araneae 10 3 (31.5-44 .0) 5.88 
Hexapoda 
Coleoptera 32 9 (34 . 0- 54 . 0) 17.64 
Orthoptera 40 15 (31.5-50 .5) 29.41 
Lepidoptera 7 4 (41.0-49 .0) 7.84 
Homoptera 43 17 (35 .0- 75 .0) 33.33 
Blattodea 3 3 (3 1. 5-44.0 5.88 
Human garbage (ch op bones , 4 4 (35 .0-57.5 ) 7.84 
potatoes , sausages, bread, 
charcoal etc) 
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birds and 15% contained mammals that probably were taken alive (rabbit, 
brush-tailed possum, long-nosed bandicoot, cat). 
Both carrion from large mammals and arthropods were found in the diets 
of all size classes. One of the smallest non-hatchlings caught (27 .5 cm 
SVL, 212 g) was found feeding on a wombat carcase and one of the largest 
(75.0 cm SVL) had eaten cicadas. 
The most common items in goanna stomachs were cicadas, large beetles 
and grasshoppers. This accords with field observations that these insects 
were abundant during spring and summer. Of the mammals, brush-
tailed possums featured most often in stomach samples. On one occasion 
a possum was seen to emerge from a hollow and run to the top of the tree 
when a large goanna began to climb the base. 
Eighteen adult goannas were observed as they foraged. The periods of 
observation ranged from about five minutes to half an hour. All were seen 
on the ground, moving slowly forwards with head swinging from side to 
side and tongue constantly flicking. They thrust their snouts into 
crevices, under fallen branches, through leaf litter and they scratched at 
holes or in debris with one front foot. 
One juvenile goanna was observed for 2 h foraging on the ground. It was 
estimated to be 62 cm total length by noting points on the ground marking 
the position of its snout and tail tip. I was not camouflaged and I kept 
within about 20 m of the lizard as it traversed 240 m on the ground before 
slowly climbing high into a tree. Apart from ignoring me, its behaviour 
was very similar to the adults- -carefully searching in litter, under fallen 
trees and in crevices and pausing from time to time to swallow an item of 
food. A sacred kingfisher Halcyon sancta attacked the goanna three times 
but the lizard merely flattened itself to the ground for about one minute 
and then resumed foraging. 
4.3.3 HOME RANGE AND MOVEMENT 
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Home range areas were measured by plotting the locations on a map on 
paper, joining up the points forming the largest convex polygon, cutting 
out the polygon and comparing the weight of that piece of paper with the 
weight of a known area of identical paper. 
Table 4.4 summarises the data on home range. Using all these data, the 
mean home range for males is 42.2 + 17 .8 ha and for females is 18.9 + 
4.9 ha. However, these means are not significantly different Ct= 1. 725, 
d.f.=11, p=0.1125). 
The home range plots for a selection of four females and one male living 
in the same area is shown in Fig. 4.2 to illustrate the general pattern of 
home range distribution. There is considerable overlap of home ranges 
and there was no evidence that goannas defended a territory. 
Five females (marked with an asterisk in Table 4.4) were located at least 
16 times and therefore these data sets satisfy the recommendations of 
Christian and Waldschmidt (1984). The data sets were collected over 
relatively long periods, from 49 to 113 weeks. The mean home range of 
these females was 25.5 ± 7. 725 ha (range, 12.8- -54.8 ha). A sixth female, 
#86, was recorded 12 times over 94 weeks but in every case the sighting 
was on or close to a 500 m section of straight road so her home range area 
could not be calculated. 
I I, 
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Table 4.4. Table of data on home ranges listing the size of study animals, 
the number of times they were located, the period over which these 
locations were made and the home range area. The mean home ranges of 
males and females are not significantly different (t = 1.725, d.f. = 11, 
p = 0.1125). The females marked with an asterisk were located 16 or more 
times over a period of about 12 months or more and so were regarded as 
giving the most reliable data on home range. 
Identification Snout-vent Number of 
number length (cm) locations 
Male 
1 66.0 11 
19 73.0 11 
00 50.5 11 
57 52.0 8 
Means 60.4 ± 5.467 
Females 
3* 50.0 17 
13* 49.0 18 
14* 50.0 16 
a) 50.0 14 
32* 47.5 37 
43 45.5 6 
48* 51.0 18 
ffi 44.5 7 
58 50.0 8 
86 44.0 12 
Means 48.15 ± 0.82 
Period 
first to 1 as t 
location ( weeks) 
8.3 
63 
12.5 
10 
113 
71 
00 
25.5 
49 
84.5 
60.5 
12.5 
11 
94 
Convex polygon 
home range 
area (ha) 
44.2 
91.6 
12.8 
20.25 
42.2 + 17.773 
12.8 
20.6 
54.8 
13.4 
26.2 
15.3 
13.4 
9.35 
4.7 
linear 
18.95 ± 4.928 
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Fig. 4.2. The home range plots for a selection of four females (#32, 13 , 43 
and 20) and one male (#1) living in the same area illustrates the general 
pattern of home range distribution. Table 4.4 lists information on the size 
of these animals, the number of locations and the area of their home 
ranges. There is considerable overlap of h ome ranges and there was no 
evidence that goannas defended a territory. 
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Plots of the home ranges for these five females are shown in Fig. 4.3. All 
females could be reliably located usually within a few hundred meters of 
their capture points. The first and last sightings of #3 were 113 weeks 
apart in time but only 50 m apart in space. Although a home range area 
could not be calculated for #86, her regular occurrence on a straight 
transect over such a long period is further evidence of strong site fidelity. 
In each plot in Fig 4.3, most of the location points are clustered in a 
portion of the polygon. For #3, 12 of the 17 locations fall within a circle of 
about 300 m diameter. (7 .1 ha). Similarly for #32, 24 of the 37 records fall 
within a circle 350 m diameter. (9.6 ha). The pattern of location points 
suggests that goannas occupy a small "core" area for most of the time, 
occasionally making relatively brief forays outside this area and 
returning. The plot for #14 shows this very clearly, with most of the 
locations in a small area but three locations extend the home range 
polygon to cover a large area. 
The cumulative home range area for #32, the female with the greatest 
number of locations, is graphed in Fig 4.4. There is no indication that the 
area is approaching an asymptote as the number of locations increase. 
Hatchlings. Long-term data on movements could not be obtained for 
hatchlings because they are too small to carry a transmitter with a battery 
life of more than a few days. Nevertheless, some information was 
obtained on the dispersion and habitat use of hatchlings immediately after 
they left the mound in which they hatched. 
One of a group of four telemetered hatchlings left a termite mound and 
spent 11 days high in a large stringybark tree, Eucalyptus globoidea 50 m 
from the mound. The other three did not leave the mound within the 14 
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Fig. 4.3. Showing plots of the home ranges with location points for five 
females which were located at least 16 times. There are slight 
discrepancies between the number of locations recorded in Table 4.4 and 
the number of points shown here because sometimes goannas were 
relocated in the same place and this has been represented by one point on 
this figure. The pattern of location points suggests that goannas occupy a 
small "core" area for most of the time, occasionally making relatively brief 
forays outside this area and returning. The plot for #14 shows this very 
clea,rly, with most of the locations occuring in a small area but three 
locations extend the home range polygon to cover a large area. 
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Fig. 4.4. Graph of cumulative home range area for female #32. She was 
located 37 times over a period of 49 weeks yet there is no indication that the 
graph is approaching an asymptotic measure of home range. As 
discussed in the text, home range does not seem to be a very useful concept 
for describing how monitor lizards use space. Female lace monitors were 
frequently located in a small area within the overall home range, 
suggesting that they occupy a "core" area. They make occasional forays 
out from this core and thus periodically expand the measured home 
range. 
47 
day life of the transmitters. The paths of another group of four hatchlings 
fitted with spools of fine thread were followed after they left their mound. 
They all moved away from the mound in different directions and climbed 
nearby trees, usually descending to the ground later to move on to other 
trees. On the ground all hatchlings kept closely to cover; traveling under 
fallen branches, through small bushes and grass clumps and entering 
small holes in the ground or crevices in fallen trees. 
4.3.4 DAILY AND SEASONAL ACTIVITY 
In the present study goannas were found in their roosts on 53 occasions 
(38 females, 14 males, one unknown), either after sunset, before sunrise, 
or on cold, overcast days. For 84.9 % of these records the roost was a 
sheltered place: a hollow log on the ground ( 11.3 % of roosts); a hole in the 
ground or amongst rocks (7 .5 % of roosts); a hole dug by a goanna in a 
termite mound (17.0% of roosts); or most commonly, a hollow in a 
standing tree ( 49.1 % of roosts). On eight occasions goannas were found 
on tree trunks or branches either at night or in cold weather (15.1 % of 
roosts). These were relatively exposed roosts although some shelter may 
have been provided by surrounding foliage. No goannas were ever found 
in exposed positions on the ground. On the 11 occasions that telemetered 
females were located in overwinter roosts they were all in hollows in 
standing trees. 
In the present study body temperatures of goannas were not measured but 
the thermoregulatory model for lace monitors put forward by Weavers 
(1983) was found to be useful for predicting goanna activity. During the 
active season two male and four female goannas with transrni tters were 
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seen to emerge on sunny days between about 0700 h and 0900 h and 
immediately climbed into a position where they could receive full 
sunshine. They orientated their bodies perpendicular to the sun and 
expanded their ribs to gain maximum insolation. Following basking the 
lizards remained active throughout the rest of the day except when it 
became very hot. Twice, on days when the shaded air temperature 
exceeded 3 7 C, a telemetered goanna was found sheltering, one in a deep 
shaded gully and the other in a hollow tree. Retirement times at the end 
of the day were not determined. 
In the period May to August five telemetered females were observed 
basking on a branch close to their winter roost in a tree hollow. During 
these months four of these females remained in the same tree but one 
moved from one tree to another 20 m away during May even though she 
was not handled or disturbed. 
Season of Activity. Of the 516 sightings of goannas at the study site 415 
(80.4 %) were seen during the period October to January inclusive. Of the 
99 goannas captured 80 were taken during those spring and early 
summer months. This is probably a real feature of their seasonal activity 
patterns because searching effort was relatively uniform during the 
period from mid-September to the end of March. 
The earliest that an active goanna was seen in the field was 29 August 
and the latest was 25 April. For the purpose of planning field work 
goannas were expected to be active from the beginning of September to the 
end of March. 
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4.4 DISCUSSION 
4.4.1 LONGEVITY AND MORPHOMETRY 
The period of the study was too short to provide much information on 
longevity other than the lack of measurable growth in any individuals over 
periods of up to 17 months and the absence of any recorded deaths 
amongst the marked or telemetered animals. Slow growth rates tend to 
support the conclusion that lace monitors are long-lived. The only records 
of mortality during the study were three that were shot by hunters and two 
that were killed on the roads. 
The size measurements show that male lace monitors grow much larger 
than females. Strong size dimorphism is common, but not universal, 
amongst varanids (Shine, 1986; Auffenberg, 1988). 
The morphometrics and sexual size dimorphism of V. olivaceus are 
remarkably similar to those of V. varius (Auffenberg, 1988). From a 
sample of 90 V. olivaceus, the largest male was 73.0 cm SVL with a mass 
of between 9 and 10 kg. The largest female V. olivaceus was 56.8 cm SVL 
with a mass between 3 and 4 kg (Auffenberg, 1988). V. olivaceus is a forest 
dwelling tropical monitor which includes a large proportion of fruit in its 
diet. 
4.4.2 DIET AND FORAGING 
The results confirm that lace monitors, in common with many other 
members of the genus, forage widely and consume a variety of animal 
food including carrion (Weavers, 1989; review by Losos and Greene, 1988). 
Generally they forage on the ground but their strength, and physical build 
enables them to reach and take food from virtually every part of their 
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environment from the tops of the trees, to the river, underground and on 
cliffs. There are very few records of the activities of juvenile monitors and 
it has been suggested that young monitors may forage in trees much more 
than the adults (Auffenberg, 1981). The evidence from the present study is 
equivocal; hatchlings readily climbed trees but also spent time on the 
ground. One juvenile was observed for two hours foraging on the ground. 
Weavers (1989) noted that the smallest goanna in his sample had eaten 
grey kangaroo carrion and large goannas had eaten arthropods and he 
concluded that there was no apparent relationship between size of goanna 
and size of prey. However, there are important differences between 
feeding on carrion and subduing live prey and a relationship between 
predator size and prey size may become apparent if the contribution to the 
diet from carrion could be separated from that of live-caught prey. 
This is certainly not straightforward. Size is not a reliable guide; one 
goanna regurgitated a small skink which was dried and flattened 
indicating that it had been taken dead from the road. The medium sized 
mammals such as rabbits, possums, bandicoots and cats were, in all 
cases, taken by large males and may have been taken alive rather than as 
carrion. For example, Brooker and Wombey (1986) described a large lace 
monitor hunting possums. It might be expected that larger goannas 
would rely on larger vertebrate prey and the carrion of large mammals 
because they could kill larger prey and dismember a carcase more easily 
than smaller individuals. On the other hand, because of their speed and 
agility, hatchlings and juveniles might be expected to feed mostly on 
arthropods. 
The overall patterns in the data presented here accord with the conclusion 
of Losos and Greene (1988) and Weavers (1989) that, although goannas 
51 
become able to subdue larger prey items as they grow, larger individuals 
continue to take small prey. There remains plenty of scope for a 
quantitative study of the diet of large varanids, especially in developing 
methods to separate contributions to the diet from carrion and from live-
caught prey. 
4.4.3 HOME RANGE AND MOVEMENT 
For lace monitors, a data set of 16 locations as suggested by Christian and 
Waldschmidt ( 1984) is not adequate to describe home range, and even 37 
locations was not enough. Stanner and Mendelssohn (1987) concluded 
that 70 locations was not enough to determine the home range of Varanus 
griseus. 
The concept of home range appears to be too simplistic to be useful for 
describing the use of space by monitor lizards. Auffenberg's (1981 and 
1988) ideas of core and foraging areas accord with the observations for V. 
varius. In his study of V komodoensis he states that : "50 % of all the site 
activity records for particular individuals falls within a very small part of 
the total known activity range of resident individuals." (Auffenberg, 1981, 
p 96). For V. olivaceus he states that "core and daily foraging areas can be 
discerned." (Auffenberg, 1988, p 135). 
Animals in the present study showed fidelity to a relatively small area, of 
about 7- -10 ha, but periodically were located well outside this area. Field 
notes Sl;!ggest that the outermost points recorded for most females were 
when they were found either feeding on carrion, together with a male, or 
close to a termite mound showing evidence of recent goanna burrowing. 
Usually within a few days the female was again located close to the centre 
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or core of her home range. These observations suggest that female lace 
monitors make occasional, linear movements radially out from their core 
area to particularly attractive food items or for breeding purposes. 
If many locations could be recorded over a number of years an asymptotic 
area eventually may be described, reflecting the maximum radial 
distance a lace monitor will move from its core area. However, such a 
study may be confounded by shifts in habitat use by an individual as it 
grows or in response to changes in habitat resources such as food. 
Despite these considerations, one important conclusion can be made: 
female lace monitors display strong fidelity to a defined area and, given 
their longevity, it is likely that they are thoroughly familiar with the 
features and resources of the area they occupy. 
4.4.4 DAILY AND SEASONAL ACTIVITY 
The information on activity collected in the course of this field work 
verifies the findings of others, especially that of Weavers (1983), and 
extends it to include females. Both sexes are diurnal and in most cases, 
seek a sheltered roost overnight or in cool, overcast weather. On sunny 
days during winter females will emerge to bask near their winter roosts. 
Weavers (1983) calculated that the angle of the sun would be too low to 
permit lace monitors to maintain their operating temperatures on the 
ground during the period April to August. On this basis he predicted that 
goannas at his study site would be able to move around on the ground only 
from September to March. The annual activity season recorded for 
females in the present study, from September to March, accords with 
Weaver's (1983) calculations and results for males. 
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There are two other studies reporting seasonal patterns of activity of 
varanids in temperate climates (Stanner and Mendelssohn, 1987; King 
and Green, 1978). In Israel V. griseus was most active from April to July 
but females remained active for two months longer than males (Starmer 
and Mendelssohn, 198 7). In southern South Australia V gouldii were 
active from September to February and apparently were inactive in 
burrows throughout the rest of the year (King and Green, 1978). However, 
the authors comment that they had limited data on their V. gouldii 
population because of transmitter failures. On Kangaroo Island V 
rosenbergi maintained their activity throughout the year although they 
covered more ground and were active for a longer period of the day in 
summer (King and Green, 1978). 
4.4.5 CONCLUSION 
The non-breeding life of lace monitors may be described from the 
observations and measurements presented here and the results of 
previous studies. Lace monitors were diurnal, normally sheltering in a 
hollow tree or hole in the ground overnight. They were carnivorous, 
consuming large numbers of invertebrates as we-11 as small to medium 
sized vertebrates and carrion ranging in size from skinks to cattle. They 
were most active in the spring and early summer, retreating to a 
sheltered roost for several months during late autumn and winter. Both 
sexes emerge to bask on sunny days even in mid-winter but will not move 
far from their roosts. Both sexes occupy a defined area but estimating the 
home range of females was not possible even with as many as 37 locations. 
There is evidence that the activity of females is centred upon a core area of 
about 7 to 10 ha from which they make occasional journeys. It is clear 
that females have a strong fidelity to a core area within their range. 
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CHAPTER FIVE 
REPRODUCTIVE CYCLE 
This chapter covers anatomical and behavioural information including 
sexual maturity, distinguishing between the sexes, the ovarian cycle and 
mating season. 
5.1 INTRODUCTION 
A primary difficulty in studying the reproductive cycles of reptiles is 
determining the sex of individuals and assessing their reproductive 
condition without killing them. Size and external morphology often are 
not reliable guides to sex, maturity or reproductive condition. 
It is particularly difficult to distinguish between the sexes of varanid 
lizards using external morphology (Mertens, 1942; Weavers 1983). Both 
Auffenberg (1981), in his study of V komodoensis and Gaulke (1989) in her 
work on V. salvator found that the results of probing the hemipenis pocket 
could not be reproduced on the same animal and they regarded the 
technique as unreliable. The complete eversion of hemipenes which often 
occurs while monitors are being handled is usually a reliable method of 
identifying males although Green (personal communication) has found 
very large hemipenis-like structures in female V rosenbergi. Males may 
be recognised by the tiny bones in the hemipenes which can be seen on 
X-ray prints (Shea and Reddacliff, 1986; Bohme, 1988). The sexes may be 
distinguished when pairs are seen mating. 
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Laparoscopy, a surgical technique involving the insertion of a slender 
telescope through an incision in the body wall, has been used in other 
studies to determine sex and reproductive condition of live reptiles 
including crocodiles and sea turtles (Limpus, 1984 and personal 
communication), Tiliqua rugosa (Schildger and Wicker, 1987), and 
Varanus salvator (Dryden, personal communication). The technique was 
successfully applied during the present study to determine sex and 
reproductive condition of live lace monitors in the field. 
The literature contains limited information on varanid breeding 
behaviour, mostly derived from captive studies (e.g. Auffenberg, 1983; 
Moehn, 1984; see review by Carter, 1990, Appendix A). Elaborate combat 
behaviour, usually related to competition for mates, has been described for 
several varanids (Auffenberg, 1981, 1988; Davis et al., 1986; Carpenter et 
al., 1976; review by Horn, 1985; Greer, 1989). These studies describe 
ritualised wrestling in which neither participant is seriously hurt. 
However, witnesses of fighting Varanus varius report that the combatants 
vigorously bite each other and cause large bleeding wounds particularly 
on the shoulders and flanks (Worrell, 1963; Twigg, 1988; Phillips, personal 
communication and photographs). 
Goannas are usually solitary (Greer, 1989) and are likely to come 
together only to breed or when they assemble at carrion. Auffenberg 
(1988) found that intense combat between captive male V. olivaceus 
occurred during the weeks prior to mating. In the present study the 
seasonal timing of fighting or fighting injuries and the formation of 
groups was taken as an indication of the timing of mating in addition 
to direct observations of mating. Observations on mating behaviour 
r 
obtained during my study were described in Carter (1990), Appendix 
A. 
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The laparoscopy technique, together with examination of fresh and 
museum specimens, observation of goanna behaviour, searches for their 
nests and information from the literature were combined to describe the 
reproductive cycle of Varanus varius. 
5.2 METHODS 
5.2.1 LAPAROSCOPY 
Direct inspection of the gonads is the most conclusive method of 
determining sex and also gives information on reproductive condition. 
The technique of laparoscopy allows this to be done without killing or 
incapacitating study animals. Papers by Berci (1976b) and Frangenheim 
(1976), giving good general discussions of laparoscopic surgery in 
humans, were used as a guide for applying the technique to lace 
monitors. Most importantly, the author was trained by Dr C. J. Limpus 
in the technique he has developed for laparoscopy of sea turtles and 
crocodiles. 
The procedure developed for the present study could be carried out in the 
field, was reasonably safe for the study animals and required no more 
than 24 hours captivity and convalescence. 
Equipment: The surgical instruments used were a Stryker 4 mm 
arthroscopy telescope, a 4.8 mm sleeve with a valve and both pointed and 
blunt trocars (see Berci, 1976a). The valve on the sleeve was connected to a 
sphygnamometer bulb so that the body cavity of the study animal could be 
I I 
I 
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gently inflated with filtered air. Inflation of the body cavity is normal 
medical procedure as it separates the organs and the gas space provides a 
clear view through the telescope. The light source was a 50 w, 12 v quartz-
halogen bulb, shining directly onto the end of a 1.8 m fibre-optic cable with 
no intervening lens. This was powered by a 12 v car battery which would 
give about 5 h of continuous light. As most surgical operations required 
the light for less than 5 min. a single battery charge sufficed for all the 
goannas which could have been caught during a 10 to 14 day field trip. 
Surgical instruments were cold disinfected in 70 % ethanol (Slotnick, 
1976). 
Anaesthetic: Schildger and Wicker (1987) used local anaesthetic for 
laparoscopies on the placid skink Tiliqua rugosa. However, laparoscopies 
on lace monitors were not attempted under local anaesthetic because the 
risk of causing injury was too great. Lace monitors struggle persistently 
and keep their lungs inflated, even when they are cold and firmly 
strapped to a restraining board. 
The general anaesthetic used for all laparoscopies was a 1 % solution of 
methoxyhexitone sodium, marketed as Brietal sodium. The dose of 1.2 to 
1.5 ml/kg was injected in O .5 ml aliquots under the dorsal skin (Wang et 
al. 1977). Sometimes extra anaesthetic was injected if the goanna showed 
signs of consciousness after 15 min. The maximum dose was 3 mV kg. It 
was essential that the goanna be warm (>25 C skin temperature) for 
effective anaesthesia. Cold animals ( <20 C), could not be fully 
anaesthetised probably because the peripheral circulation was restricted 
and insufficient anaesthetic was absorbed. In the field on cool days 
animals were warmed by placing them for about one hour in a car parked 
in the sun with the windows closed. Care was taken to ensure that the 
temperature inside did not exceed 40 C. 
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Full anaesthesia was induced within about 5 to 15 min and goannas were 
al ways kept in a warm car for this period on cool days. Goannas were 
considered to be fully anaesthetised when their muscles were limp , their 
eyes were closed and they did not respond to having the skin on their toes 
and flanks firmly pinched with forceps. 
Surgery: The goanna's flank was scrubbed with a toothbrush dipped in a 
hibitane/ethanol solution. Taking care not to cut into the underlying 
muscles a vertical incision one centimetre long was made between the 
scales of the soft skin just posterior to the last complete rib (see Plate 5.1). 
This point was anterior to the kidney, posterior to the lungs, above the fat 
bodies and no large blood vessels lay beneath. The incision was parted 
and the body wall was punctured by firmly pushing the pointed trocar, 
within its enclosing sleeve, until it passed through into the body cavity. 
While making the puncture the trocar was gripped about 2 cm from the 
point to prevent it going in too far and the hind part of the goanna was 
raised clear of the bench so that internal organs were free to move aside as 
the trocar entered. 
The trocar was withdrawn from the sleeve slowly, so that tissues were not 
sucked into the end of the sleeve, and the telescope was inserted and 
locked to the sleeve with the rotating collar (see Plate 5.1). After checking 
through the telescope that the end of the telescope was well inside the body 
cavity, air was pumped in with the sphygnamometer bulb to provide an 
air space for viewing and to separate the organs. The reproductive organs 
were inspected- -sometimes the goanna had to be tilted or rotated to bring 
organs into view. The telescope was then withdrawn from the sleeve, the 
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Plate 5.1. Laparoscopy of an adult female goanna. A puncture has been 
made in the body wall and the end of the laparoscope sleeve is inside the 
peritoneum. The laparoscope is about to be inserted. Once the 
laparoscope is in place the body cavity can be gently inflated with the 
sphygnamometer bulb and the internal organs can be inspected. 
--
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air was expelled through the sleeve and the sleeve was gently withdrawn. 
The wound was massaged to encourage the muscles to close over and a 
topical antibiotic powder was applied to the wound. The skin was closed 
with soluble sutures, taking care to bring together only the inner edges of 
the wound. Finally, the wound was sprayed with plastic surgical 
dressing to exclude bacteria, dirt and insects. The time taken to complete 
the surgery was 15 to 20 minutes. 
Recovery: Immediately following surgery goannas were checked for 
breathing. In some animals breathing could not be detected so the lining 
of the mouth was inspected. If this was pale a smooth plastic tube was 
inserted into the opening of the trachea and the lungs were partly inflated 
using the sphygnamometer bulb. The lungs were inflated every five to ten 
minutes to maintain a pink appearance in the lining of the mouth until 
the animal resumed breathing. 
Animals which were breathing regularly were placed in large wooden 
boxes which were well ventilated but closed and dark. They normally 
regained consciousness after one to three hours and after five to ten hours 
had regained full coordination. They were always kept overnight and 
released into a hole or hollow log close to their capture point so that they 
were secure until they chose to resume their normal activities . 
5.2.2 OTHER l\1ETHODS FOR DETERMINING SEX 
The sex of goannas was determined using hemipene eversion and X-ray 
examination (for males), mating behaviour, dissection and laparoscopy. 
No portable X-ray machine was available so to use this technique goannas 
had to be brought back to Canberra. On two occasions a goanna found in a 
burrow together with a clutch of very fresh eggs and with a moist , 
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reddened and pouted cloaca was classed as female. Under anaesthesia 
the sex of goannas could be determined by opening out the folds of the 
cloaca and everting the hemipenis pocket with gentle pressure at the base 
of the tail. 
Dissections. Twelve females and 4 males from the study site were killed at 
different times throughout the active season to obtain reproductive 
information and to interpret the observations from laparoscopy. Gonads 
were weighed and measured, all yolked follicles and the largest unyolked 
were measured, the width of the oviduct was measured and the 
appearance noted, corpus luteum scars were recorded and samples of 
these tissues were preserved in 10% formalin for histology. 
A total of 109 specimens from the Australian Museum, Queensland 
Museum, South Australian Museum and the Australian National 
Wildlife Collection was examined and dissected for reproductive 
information. For each specimen the SVL, sex and reproductive condition 
(if ascertained) and measurements of any yolked follicles were recorded. 
Unfortunately the museums held few adult females and, because many 
were collected as road kills, the internal organs often were damaged. The 
reproductive organs were recognisable in only seven adult females from 
museum collections. 
Sexual Maturity. Histology was used to determine the size of sexually 
mature males. Tissue samples from preserved gonads of juvenile and 
subadult specimens were excised, embedded in wax, sectioned at 5 µ and 
stained .with haematoxylin and eosin. The sections were examined with a 
light microscope for evidence of mature sperm and fully differentiated 
seminiferous tubules. 
63 
Females were examined either by dissection or laparoscopy. They were 
assessed as mature if they had enlarged, white and convoluted oviducts or 
vitelline follicles in the ovaries (Plate 5.2). Immature females were 
characterised by small, clear follicles and straight, slender, pink coloured 
oviducts (Plate 5.3). 
5.2.3 THE OVARIAN CYCLE 
Laparoscopy was the primary tool used to record information on the 
reproductive status of females, but some information also was obtained 
through dissection. While developing the laparoscopy technique it was 
essential to have material from dissections to interpret what was seen 
through the laparoscope. 
The reproductive condition of adult females, whether dissected or 
laparoscopied, were assigned to the following categories: No Yolked 
Follicles (non-breeding), Small Yolked Follicles (<15 mm diameter.- -
beginning of breeding), Large Yolked Follicles (>15 mm diameter.- -
preparing to ovulate), Oviducal Follicles (ovulated), Oviducal Eggs 
(shelled and ready to be laid). 
Eggs. Eggs were measured and weighed. In hatched nests the original 
number of eggs was estimated, where possible, from the shell remains. 
One female with shelled eggs in her oviducts was dissected (see Plate 5.4) 
and two others were found in burrows in termite mounds together with 
..,. 
clutches of very fresh (still moist) eggs. These clutches and the females 
were weighed to determine relative clutch mass. 
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Plate 5.2. Reproductive tract of a mature female. The ovary with unyolked 
follicles is in the centre. The large yellow abdominal fat body is in the top 
right. The oviduct, in the lower part of the photograph, is thick, 
glandular, highly convoluted and white in colour, indicating that the 
female has laid eggs in the past. The ruler has graduations in eighths of 
an inch and in mm. 
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Plate 5.3. Reproductive tract of an immature female. The ovary with 
unyolked follicles is in the centre, on the gauze dressing. The oviduct, 
lying above the ovary on the gauze, is thin, not convoluted and pink in 
colour, indicating that the female has never ovulated. The ruler has 
graduations in mm. 
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Plate 5.4. A dissected gravid female with seven shelled eggs ready to be 
laid. Although the egg mass appears to be large in comparison with the 
female, the relative clutch mass is small compared with other lizards. 
This accords with predictions that an elongate, actively foraging species 
should carry a relatively smaller egg mass than less active species with 
heavier bodies (Vitt and Congdon, 1978). 
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5.2.4 BREEDING BEHAVIOUR 
The techniques for observing behaviour were described in Section 3. 7. 
Scars and injuries were recorded each time an animal was caught or 
observed closely in the field. Notes were made of every goanna sighted, 
and particular attention was paid to groups which may have been mating 
groups. 
5.3 RESULTS 
5.3.1 SEXUAL MATURITY 
The smallest male with fully differentiated seminiferous tubules and 
sperm in the lumens was 41.5 cm SVL (#100, present study). Two 
other males of 40.5 cm SVL (Eungella, Qld, R4 7900, Australian 
Museum) and 41.5 cm SVL (Bega NSW, R94914, Australian 
Museum) had partially differentiated seminiferous tubules, and no 
sperm, and were classed as immature. 
The smallest female judged to be mature was 38.5 cm SVL (Mt 
Remarkable, SA, R23277, SA Museum). Two others of 38.0 cm SVL 
(Bathurst, NSW, R25952, Australian Museum) and 40.0 cm SVL 
(#71, present study) were judged to be immature. 
5.3.2 THE REPRODUCTIVE CYCLE 
The female gonad cycle is described from 44 laparoscopies and fresh 
dissections, 7 museum dissections, 8 fresh clutches and 8 records from 
the literature that were considered reliable . Six of these literature records 
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refer to wild lace monitors (Fleay, 1960; Weavers, 1983) and two records 
refer to dates of egg-laying by captive animals maintained in outdoor 
enclosures in temperate Australia (Bredl and Schwaner, 1983; Markwell , 
1983). These data are presented in Fig 5.1. 
The reproductive cycle is clearly defined and follows the common pattern 
for oviparous squamates in temperate Australia (Shine, 1985a). 
Vitellogenesis begins in early October, ovulation occurs in November and 
early December and the peak egg-laying season is December/January. 
The inclusion of data points from museum specimens and from the 
literature does not alter the reproductive pattern shown by the specimens 
examined at the Deua study site. The extra records were from specimens 
taken in Victoria and elsewhere in New South Wales. All 15 adult 
females, including museum specimens, examined or collected between 18 
October and 6 December in any year were in vitellogenesis or had 
ovulated. 
Elongate scars 6 to 8 mm long were found on the ovaries of nine out of ten 
adult females which were dissected. The organs of the tenth female had 
been damaged and finer structures were not easily seen. Scars were 
difficult to see through the laparoscope but were recorded in nine 
laparoscopied females. Ovarian scars were recorded in females 
examined in all months of the year except March, April and May when no 
females were laparoscopied or dissected. 
Twenty eight nests were found, 25 of them yielding information on 
egg dimensions or clutch size. Table 5.1 provides descriptive 
statistics for eggs and clutches. The mean clutch size was about 8 
eggs, mean egg mass was about 37 g and the mean egg dimensions 
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Fig. 5.1. Display of the reproductive data. Each symbol represents the 
reproductive condition of an individual female or of an individual nest. 
Symbols with horizontal hatching indicate records obtained by me at my 
study site. The speckled symbols indicate data obtained from my 
dissections of museum specimens or from the literature. 
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The y axis shows progressive stages in vitellogenesis and embryogenesis 
and the x axis displays these data as a seasonal distribution. This 
arrangement of the data shows the key features of the female reproductive 
cycle: vitellogenesis begins in mid-spring and by late spring virtually all 
females in the population are in vitellogenesis ; ovulation takes place in 
late spring/early summer and eggs are laid in mid- summer. From late 
summer, through the winter to spring embryos a re incubating a nd they 
hatch in mid-spring. 
r 
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Table 5 .1. Summary of data on clutches and freshly-laid eggs of lace 
monitors. Clutch size was determined from all nests which had not 
hatched or where all the eggshells could be counted. Errors may have 
been introduced if termites completely destroyed eggs before I found the 
nest. Only eggs which had been laid within one or two days were 
measured and weighed. Errors may have been due to the eggs taking up 
water after they were laid. 
Parameter Mean+ SE Range N 
Clutch size 7.8 ± 0.37 4- 12 25 
Egg length (mm) 60.59 + 0.482 54.3 - 71.5 61 
Egg width (mm) 33.76 ± 0.193 30.0 - 36.0 61 
Egg mass (g) 37.48 ± 0.409 29.5 - 42.0 61 
f ' 
/' 
were 60.5 mm long by 34 mm wide. The mean relative clutch mass 
was 0.276 + 0.013 (N = 3). 
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Freshly laid eggs were elongate, with a soft leathery shell. Four freshly 
laid eggs which were ruptured when the female was being caught showed 
no macroscopic evidence of embryo development. The contents were a 
uniform creamy yolk with no visible blood spots, blood vessels or 
membranes. 
Mating. Evidence for the timing of mating comes from: timing of 
ovulation (see Fig. 5.1); appearance of groups of monitors; wounds on 
males; as well as direct observations of mating (Carter, 1990). 
In the field, sightings of 457 solitary monitors and 29 groups ranging 
in size from two to six animals were recorded; animals which had 
assembled around carrion or were scavenging together at campsites 
are not included as groups. Solitary animals were found throughout 
the year but all the sightings of groups were made between 13 October 
and 2 January. Twenty of the groups were seen during November 
and direct observations of mating were made on 21 November, 23 
November and 23 December. My searching effort was similar each 
month from mid-September to March so the timing of these sightings 
probably indicates real seasonal patterns of behaviour . It appears 
that November/December is the peak of the mating season, which 
corresponds with the timing of ovulation (see Fig 5.1). 
Most goannas had some scars but all large males were extensively 
scarred over the back and flanks. A brief fight between two animals 
of different sizes was witnessed while watching a mating group of 6 
goannas (4 males and 2 females) on 23 November 1987. The smaller 
animal received a bleeding wound on the tail. Although they may 
also sustain injuries while subduing prey, falling out of trees, being 
injured on the road or being attacked themselves by predators like 
dogs or eagles, most wounds on males were neat cuts similar to bite 
marks made by goannas on carcases and in one case human skin. 
Fresh, bleeding wounds consistent with fighting injuries were 
recorded on 12 large males between 16 November and 1 February; 10 
of the wounded animals were recorded between 16 November and 18 
December. 
5.4 DISCUSSION 
5.4.1 SEXUAL MATURITY 
On the evidence presented above, lace monitors reach sexual 
maturity at about 40 cm SVL although females may mature at a 
slightly smaller size than males. Weavers (1988) reports that three 
V. varius hatchlings maintained in an outdoor enclosure in 
Melbourne reached a mean SVL of 412 mm in 50 months. Body size 
should be used very cautiously as an index of age for reptiles 
(Halliday and Verrell, 1988). However, an age of four years to reach 
sexual maturity in temperate Australia seems a reasonable 
minimum estimate from those captive data. Horn and Visser (1989) 
report that a captive pair raised from hatchlings first bred at about 
eight years of age. The female was 120.4 cm total length (about 45 cm 
SVL) and the male was 138 cm total length (about 53 cm SVL). 
Female Varanus olivaceus were found to reach maturity at a 
minimum of 40 cm SVL and an estimated age of 2 to 3 years whereas 
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males were mature at about 45 cm SVL and an estimated age of 3 
years (Auffenberg, 1988). This tropical varanid has very similar 
mophometrics, including sexual size dimorphism, to V. varius (see 
Section 4.4.1). 
5.4.2 REPRODUCTIVE CYCLE 
The ovarian cycle in female lace monitors is similar to the consistent 
seasonal pattern shown by other temperate, oviparous squamates 
(Fitch, 1970; James and Shine 1985; Shine, 1985). After a period of 
winter quiescence, vitellogenesis begins early in spring, ovulation 
occurs in late spring and eggs are laid in early summer. 
The ovarian cycles of two other temperate varanids V. bengalensis 
and V. rosenbergi showed similar seasonal patterns. In northern 
India V. bengalensis began vitellogenesis in April, ovulation and 
mating took place in June/July and eggs were laid in July (Jacob and 
Ramaswami, 1976). The scanty data collected for V. rosenbergi 
indicates that females begin vitellogenesis in spring, ovulate in early 
summer and lay eggs in mid-summer (King and Green, 1979). 
All female lace monitors including museum specimens collected or 
examined during the period late October to early December were in 
vitellogenesis. This indicates that, in wild populations, most females 
breed every year. King and Rhodes (1982) concluded that most V. 
acanth~rus females breed each year and Auffenberg (1988) 
estimated that 90% of all mature female V. olivaceus he dissected 
had laid eggs the previous year. 
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The relative clutch mass of V. varius is towards the lower end of the 
scale in comparison with other lizards (Vitt and Congdon, 1978; 
Greer, 1989). This accords with the broad prediction that an 
elongate, actively foraging species should carry a smaller clutch 
mass than less active, heavier-bodied species (Vitt and Congdon, 
1978). 
Mating and fighting behaviour and fresh injuries were recorded in 
the field primarily in November and December. The fight observed by 
Twigg (1988) occurred on 28 November. This timing accords with the 
period during which females are ovulating. 
There are two published records from captive animals giving an 
interval between mating and egg-laying. Bredl and Schwaner (1983) 
record an interval of 31 days from the last mating to the first day of 
egg-laying. Horn and Visser (1989) report 35 days. An interval of 
four to six weeks is common for many varanids (Horn and Visser, 
1989; Auffenberg, 1988). This interval accords with the results for 
wild lace monitors; Fig 5.1 shows that the interval between ovulation 
and egg-laying is about four to six weeks. 
5.4.3 LIFE HISTORY 
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The life history strategy of lace monitors clearly falls into the category of 
late-maturing, single-brooded sensu Tinkle et al. (1969). These authors 
point out that such species may compensate for reduced fecundity, in 
comparison with early-maturing, multiple-brooded species, in three 
ways; by having long breeding lives, by having large broods, and by 
increasing offspring survivorship through increased parental investment 
such as viviparity or parental care. Lace monitors are long-lived (see 
Section 4.4.1) but the data from the present study show that they have 
small broods and relatively small clutch masses. The question of 
increased parental investment will be considered in the following 
chapters. 
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CHAPTER SIX 
TERMITE MOUNDS AND GOANNA NESTS 
6.1 INTRODUCTION 
The gross internal structure of termite mounds is described as a 
protective wall surrounding a network of galleries or "carton" and a 
warm, central nursery (Watson, 1988) (see Fig. 6.1). Other properties of 
termitaria include humidity of 96 to 98% (Fyfe and Gay, 1938), a hygienic 
environment because the worker termites remove bacteria and fungi 
(Noirot, 1970; Riley et al. 1985) and, because much of the mound is above 
ground, it is unlikely to be inundated during heavy rain. All these 
properties make termite mounds ideal for incubating reptile eggs. 
However, the emergence of young from hard-walled termitaria remains 
poorly understood. The following hypotheses have been advanced: 
• fluids escaping from ruptured eggs reduce the mound material to 
soft mud so that a group of hatchlings can dig through it (V. 
niloticus- -Cowles, 1930); 
• rain softens the mound and allows young to dig out (Tupinambis 
nigropunctatus- -Everard and Boos, 1975, cited by Riley et al., 1985); 
• the hatchlings simply dig their way out (T. nigropunctatus- -Riley et 
al., 1985; Emerson, quoted in Cowles, 1930); 
=-
• the mother digs a tunnel to release the young at hatching time (V. 
uarius- -Cogger, 1967) 
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Fig. 6.1. Diagramatic median section through a termite mound to show 
gross morphology. Mounds are bell-shaped structures composed of clayey 
soil and wood pulp. Three main features usually are seen inside mounds: 
the outer and inner walls which provide protection to the termite colony 
from weather and physical damage; and the central nursery which lies 
at, or slightly below, ground level. The queen usually is housed in a 
chamber on the lower margin of the central nursery. The base diameter 
and the height together provide a useful measure of size. 
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Since the work of Cowles (1930) very few studies have been published on 
reptiles nesting in termitaria and there have been no detailed studies of 
this habit in other varanids. An important component of the present 
study was to gain a detailed understanding of the use of termite mounds 
by lace monitors by addressing the following aims: 
• to describe the morphology of the termite mounds used by goannas; 
• to describe the burrowing behaviour of goannas and the nature of 
their burrows and nests in mounds; 
• to measure the temperature in a number of mounds over a period of 
at least 12 months to describe the thermal environment experienced 
by incubating goanna eggs; 
In order to evaluate hypotheses on the emergence of hatchlings from 
termitaria three further questions were asked: 
• does rainfall soften the mounds, thereby enabling the young to dig 
out? 
• Do embryonic fluids soften mounds? 
• Can hatchlings simply dig their way out? 
Two species of mound building termites occur in the study area; 
Nasutitermes exitiosus (Hill) and Coptotermes lacteus (Froggat). N 
exitiosus mounds have a soft, crumbly outer wall and a hard inner wall 
whereas C. lacteus has a very hard, cement-like outer wall. At a nearby 
study site with the same two species of termites, Weavers (1983) reported 
that "all observed interaction of V. varius at Bendethera was with the 
smaller, softer and more common mound of N. exitiosus." Similarly, 
during the present study, no marks, burrows or nests made by goannas 
were found in any C. lacteus mound so my studies concentrated on the 
mounds of N. exitiosus. 
6.2 METHODS 
6.2.1 MORPHOLOGY OF MOUNDS 
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Eighty five termite mounds were labeled with an aluminium tag secured 
to a nearby tree and 44 of these mounds were visited at least twice each 
month from September to March during 1987 /88, 1988/89 and from 
September to December in 1989 to record evidence of goanna activities. 
During the cooler months the mounds were checked at intervals of about 6 
weeks. The other mounds which were less accessible were visited 
irregularly. Burrows and other damage to the mounds were measured 
and sketched with a compass being placed on the top for orientation. 
The dimensions of mounds are given as: vertical height above ground x 
diameter of the base (see Fig. 6.1). Where a mound was on a slope or was 
not circular the height and base diameter were taken as the means of the 
largest and smallest measurements. The height was measured by 
extending a steel measuring tape vertically from the point where the 
mound met the ground then bending the tape at right angles to form a 
horizontal line across the top of the mound. The vertical distance from the 
ground to the right angle bend was taken as the height measurement. To 
measure.the base diameter the tape was held horizontally across the top of 
the mound and the shadow projected by the sun was used to determine the 
length of tape which corresponded with a basal diameter. By repeating 
these measurements and comparing them with 12 mounds which were 
split in half and then measured, the accuracy and precision of mound 
dimensions was determined to be within+ 6 cm. This was adequate for 
the purposes of the present study. 
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A total of 40 N. exitiosus mounds and three C lacte us mounds were split 
in half with a pick to examine internal structure and to look for goanna 
eggs. Mounds were dissected at times throughout the year and during 
both wet and dry weather to look for marked softening of the walls which 
may have coincided with the emergence of hatchlings. After splitting in 
half 11 N. exitiosus mounds the thickness of the inner and outer walls 
were measured at five places. 
6.2.2 MOUND TEMPERATURE 
Temperature probes were constructed using AD 590 sensors embedded in 
araldite and connected to a jack plug with 2 m of electrical cable. Before 
and after use in the field all probes were calibrated in a water bath against 
a Leeds and Northrup Precision Temperature Bridge at temperatures of 0, 
10, 20, 30, 40 and 50 C. Apart from three damaged by termites and other 
animals, all probes remained accurate to within± 0.2 C after as much as 
16 months in the field. 
Both probe and cable were sheathed with 0.5 m of 2 cm diameter. PVC 
laboratory tubing which was heat sealed at the end. At the other end the 
jack plug was protected within a plastic centrifuge tube with screw-on 
cap. A probe was inserted into the central nurseries of 12 N. exitiosus 
mounds chosen in groups of three from slopes facing north, east, west 
and south. The mounds ranged in size from 35 x 65 cm to 90 x 125 cm with 
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a mean of 59.5 x 101 cm. Two mounds containing goanna eggs also were 
fitted with probes. 
Probes were placed 30 cm into the soil on an exposed north-facing slope 
and on a moist, shaded south-facing slope to estimate the maximum and 
minimum temperatures which might be available for a nest placed in soil 
at the study site. The depth of 30 cm was chosen because that was about 
the perpendicular distance from the surface to the central nursery of a 
mound of average size. 
The probes were read at intervals of 4 to 6 weeks over a total period of 63 
weeks. On the scheduled day, all probes were read at midnight, 0600, 
1200, and 1800 hrs to determine the extent of diel fluctuation in mound 
temperature. At the end of the study the mounds were opened to verify 
that the probes were inside the central nursery. 
6.2.3 STRENGTH AND WATER CONTENT OF MOUNDS 
To test the hypothesis that mounds are softened by rain, permitting 
hatchlings to dig out, an attempt was made to measure strength and 
water content of the hard inner wall during dry and wet weather. 
Strength. It was important to measure the strength or hardness of the N. 
exitiosus mounds in terms of the barrier which goannas, whether adult 
or hatchling, must overcome to enter or escape from the central nursery. 
The most common method of measuring the hardness of soils is to use a 
penetrometer- -usually a hand held instrument which measures the force 
required to push a steel cone a set distance into the soil. Termite mounds 
are far too hard to use such a technique. Often the point of a pick could not 
be driven more than one centimetre into the inner wall. Also, the 
11 
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penetrometer measures the strengths associated with penetration and 
compression and these are probably not the properties which goannas 
must overcome when digging through the inner wall. 
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Goannas have no difficulty penetrating the crumbly outer wall by 
scratching and gouging with their claws. When they reach the inner wall 
they face a surface honeycombed with tunnels and galleries into which 
they can insert their claws. They then break out pieces of the inner wall 
by pulling backwards with their hooked claws. Thus the property which 
goannas must overcome during digging is more likely to be tensile 
strength. 
It is difficult to measure the tensile strength of soil-like materials in the 
way that it is measured for most other materials- -by exerting a direct 
tensile force on a sample piece until it fails. However an estimate can be 
made indirectly using a brazilian test (Frydman, 1964; Dexter, 1988). If a 
cylinder of soil is compressed along one diameter a tensile force is created 
at right angles to that diameter (see Plate 6.1). The cylinder will fail by 
tearing apart along the diameter that is being compressed. Tensile 
strength is estimated by the formula: 
2N 
T ---
1t dL 
Where T = tensile strength in Pascals; N = compression force at failure in 
Newtons; d = diameter of the cylinder in m; L = length of the cylinder in 
m. 
To test the strength of the inner wall material of N . exitiosus mounds 
cylindrical test plugs were taken.. First the outer wall was pared away 
with a spade until the hard face of the inner wall was exposed and then a 
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Plate 6.1. Cylindrical plugs were cut from termite mounds to measure 
tensile strength. The measurement was made using an indirect tension 
method, the brazilian test. The inset shows a cylinder of mound material 
being compressed. It is failing along the vertical diameter in response to 
indirect tensile forces created at right angles to the direction of 
compression. 
The honeycombed nature of the material weakens the test pieces. An 
attempt was made to estimate the weakening by making models in plaster 
of paris, both solid and honeycombed. On the right is one whole plug and 
the fractured pieces of a tested plug cut from a termite mound. The white 
cylinders on the left are solid and honeycombed models made from plaster 
of paris. -
I 
I -.._ 
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cylindrical slot 59 mm in diameter and about 50 mm deep was cut using a 
hole saw and hand brace. The cylindrical plug was broken free and 
immediately sealed in a plastic bag with a few flakes of naphthalene to kill 
any termites. Three plugs were taken from each of eight mounds in 
January 1989 during a week of continuous, heavy rain and five of those 
mounds were sampled again in October 1989 after more than 2 weeks of 
dry weather. These five mounds had been completely repaired. Three of 
the original mounds were not completely repaired and their colonies 
appeared debilitated so they were not re-tested. 
The plugs were tested to failure on a Wykeham and Farrance 5000 kg 
stepless compression tester, using either a 500 lb compression ring or 
electronic load cells of 2, 4.5 and 9 N to measure compression force. The 
samples were compressed at the rate of 1 mm per min. Results were 
discarded when a cylinder did not fail more or less along the vertical 
compression line or when the load points were flattened too much (the 
ratio of the width of the flattened points to the distance between the points 
must not exceed 0.27, Frydman, 1964). 
The honeycomb nature of the wall material weakened the test plugs. An 
average 30% of the cylinder volume was occupied by hollow passages 
which result in a measure of tensile strength much lower than the true 
strength of the solid material. One solution could have been to cut very 
small cylinders out of solid material but the walls between tunnels were 
only a few mm thick and it would have been too difficult to cut and test 
such small cylinders. 
Instead, the extent of weakening in these cylinders was estimated by 
casting models, both honeycombed and solid, in plaster of paris and 
measuring the difference in strength. The solid models were made by 
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pouring plaster into a plastic pipe of 63 mm internal diameter. The 
honeycombed ones were made by placing lengths of soft plastic tubing in a 
convoluted and twisted pattern within the plastic pipe mould. The plastic 
tubing was 6 mm outside diameter which is similar to the diameter of 
termite tunnels and the tubing occupied 30% of the cylinder volume- -
which was the mean volume of tunnels measured in ten plugs from 
termite mounds. When the cast was removed from the mould each piece 
of tubing could be withdrawn leaving a cylinder riddled with holes, very 
similar to the plugs from a termite mound (Plate 6.1). These plaster 
models were subjected to the same compression test as the termite plugs. 
Water Content. After testing, the largest plug fragments were weighed 
and then dried to constant weight to measure their water content. 
6.2.4 BURROWING BY GOANNAS 
Fresh burrows were inspected with a torch, then a gloved hand and 
finally a naked hand to feel for eggs or hatchlings. Loose soil and any 
fresh repairs by the termites were dug out so that the full extent of the 
burrow could be examined. 
Sometimes it was necessary to straighten or widen the tunnel to reach the 
end. Very long (> 80 cm) or convoluted burrows were inspected by digging 
holes, wide enough to accommodate a human arm, to intersect with the 
burrow at suitable points along its length. Afterwards these inspection 
holes weye plugged with soil and stones. A most effective tool for digging 
in the mounds was made by sharpening a one meter length of 20 mm 
diameter concrete reinforcing steel to make a small, straight crowbar. 
I· 
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In most cases I took care to cause minimal damage to the termite mounds 
and to alter the burrows as little as possible. However, I had to break open 
some mounds to thoroughly inspect the burrows leading to hatching 
clutches. 
Notes on behaviour were made whenever goannas were found burrowing 
into mounds and, if possible, the animals were identified or captured 
afterwards. Long periods of observation and some filming were done from 
within a hide and important information was obtained on two occasions by 
creeping up to a mound to listen and watch while a goanna was 
burrowing. 
6.2.5 GOANNA NESTS AND INCUBATION 
Goanna nests were found by systematically patrolling termite mounds 
and examining any burrows and, occasionally, by breaking open termite 
mounds. Hatchlings were measured and weighed and the presence or 
absence of an egg tooth was noted. A clutch of shelled eggs removed from 
the body of a freshly killed fem ale was buried in a termite mound and 
monitored. 
Eight nests of freshly laid eggs were monitored in situ for periods of up to 
10 months. The first two nests disappeared within a few days. Assuming 
that a goanna had removed the eggs, subsequent nests were protected 
with a wire mesh hood placed over the termite mound and held down with 
rocks. In most cases the hood was removed during winter but on one 
mound it was left in place for ten months. 
I~ 
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The second two nests discovered were each fitted with a plastic viewing 
tube extending from a perspex window touching the eggs to the outside of 
the termite mound. This proved to be an unsuccessful viewing port 
because the termites completely covered the perspex with opaque carton. 
Thereafter, monitoring of nests involved simply examining the mounds 
regularly for signs of goanna digging and inspecting any burrows. 
6.2.6 OBSERVATIONS ON HATCHLINGS 
In Captivity. Three partly incubated nests were incubated in the 
laboratory together with a portion of their termite colonies until the eggs 
hatched. The eggs from each nest were placed in separate glass aquaria 
together with pieces of carton from the termite mound, several hundred 
grams of live termites and blocks of wood for food, according to the 
methods of Gay et al. (1955). The three aquaria were placed in a room at 
CSIRO Division of Entomology, Canberra, which was designed for the 
maintenance of termite colonies. It was kept at a constant temperature of 
29.5 + 0.5 C and close to 100% humidity. After hatching, the young 
goannas were watched for a total of seven hours over a period of 5 days 
with only dull red light to try to observe any attempt at making sounds 
which might be audible to an adult outside a mound and to note whether 
termites were eaten. Twenty two faecal masses were collected from the 
captive hatchlings and five scats were obtained from wild hatchlings 
immediately after they were removed from a mound. These samples were 
examined under a binocular microscope for remains of termites. 
Digging Capabilities. The digging capability of hatchlings was 
tested using ten 500 ml glass jars blocked by a cylindrical plug of 
material cut from a termite mound using the method described 
above. A hatchling was placed in each jar, five of which were 
blocked with plugs of hard inner wall and the other five were plugged 
with soft outer wall material. The first trial was conducted.in 
complete darkness in the termite room at CSIRO for 10 days. A 
second trial was conducted under the same conditions after 
exchanging the hatchlings in the hard plug jars with those in the 
soft plug jars. In between trials the hatchlings were returned to 
their outdoor enclosure (with food and water) for 14 days. The 
hatchlings were taken from 3 different nests. Throughout the trials 
all were healthy, maintained their weight and showed no wear or 
injury to snouts or claws which may have affected their ability to dig. 
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In the Wild. Four hatchlings found in one nest were fitted with miniature 
radio transmitters and replaced in a tunnel in their mound. The 
hatchlings were watched from a hide for a total of 41 hours over the next 
16 days. 
6.3 llliSULTS 
6.3.1 MORPHOLOGY OF NASUTITERMES EXITIOSUS MOUNDS 
N. exitiosus mounds were much more common (about 30 km-2) than C. 
lacteus mounds (no more than 5 km-2). Typical N. exitiosus mounds were 
bell-shaped, with base diameter about 1.6 times the height (see Fig 6.1 and 
Plate 6.2). They ranged in size from 35 x 55 cm to 120 x 200 cm. In the 
following description the dimensions of internal structures refer to a 
mound of average size, 64 x 104 cm. Table 6.1 summarises the 
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Plate 6.2. Median section through a mound of Nasutitermes exitiosus. 
Three eggs from a goanna clutch are visible in the central nursery 
(arrowed). The dense brown material surrounding the central nursery is 
the hard inner wall and the open cellular material towards the outside is 
the crumbly outer wall. A shallow goanna burrow has been made in the 
top of this mound. 
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Table 6.1. Summary of the dimensions of mounds built by Nasutitermes 
exitiosus . Eleven mounds were dissected and dimensions of internal 
structures were measured. See Fig. 6.1 for a description of the internal 
structure of mounds. 
Parameter Mean+ SE Range N 
Height (cm ) 63.7 + 2.19 35.0 - 120.0 79 
Base diameter (cm ) 103.6 + 3.98 43.0 - 230.0 79 
Outer wall thickness (cm) 9.8 + 0.49 4.0 - 14.0 11 
Inner wall thickness (cm ) 14.5 + 0.49 9.4 - 17.8 11 
Central nursery diameter (cm) 34.0 + 2.59 24.0 - 55.0 11 
1·_ 
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dimensions for all mounds. 
The outer surface of mounds was a dry, crumbly, grey or light brown, 
earthen material, which could be dented easily with a boot or pared away 
with a spade. This material, which was honeycombed with termite 
passageways, formed an outer wall, about 10 cm thick (see Fig 6.1). In 
wet weather the outer wall became wet and soft, and sometimes the 
outermost material sloughed off during heavy rain. Following this 
erosion the termites usually re-built and sometimes increased the 
thickness of the outer wall, especially on the top of the mound. The 
structural material in termite mounds is known as "carton". 
Beneath the outer wall was a 14.5 cm thick layer, the inner wall, 
composed of very hard, tough carton which could be broken open only with 
numerous vigorous blows from a pick or crow bar. The inner wall was a 
dark brown or sometimes reddish woody clay resembling manufactured 
building materials like "Masonite" or "Hardiplank" which are made from 
bonded wood pulp. It was honeycombed with termite passages like the 
outer wall. Throughout the year, even during periods of heavy rain the 
inner wall remained dry and hard. 
The inner wall encased the central nursery, a more or less spherical 
structure about 34 cm in diameter which normally rested on or slightly 
below the ground surface. The central nursery was formed of thin (0.5 
mm or less) fragile, wafer-like carton which could be smashed easily with 
fingers. The eggs and juvenile termites were housed in the central 
-
nursery and the queen was sometimes found housed in a strong-walled 
chamber at the interface between the inner wall and the central nursery 
at about ground level. 
I· 
Opened mounds had a distinctive, resinous odour. When I dug into the 
central nursery my hands and arms became spotted with a dark brown 
sticky substance which had this strong odour and was very difficult to 
wash off. Goannas were sometimes captured with this distinctive 
material stuck to their heads and necks indicating that they had been 
digging in a termite mound. 
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Large mounds were often irregularly shaped- -partly flattened, collapsed, 
or eroded with new mound peaks emerging from the old base. In these 
cases the termite colony did not occupy the entire mound so some parts 
were not repaired or maintained. The internal structure of these mounds 
was usually atypical and it was sometimes difficult to find the central 
nursery. 
6.3.2 MORPHOLOGY OF COPTOTERMES LACTEUS MOUNDS 
Mounds built by C lacteus colonies were usually taller and more conical in 
shape than mounds of N. exitiosus. They had a similar gross structure of 
outer and inner walls and central nursery but the composition and 
hardness of the materials were different (see Plate 6.3). The outer wall 
was of yellow or reddish cemented clay traversed by very few termite 
passages. It was much too hard to dent with a boot and could not be 
penetrated with a spade. 
After rain the outer wall would usually soften to the stage where it could 
be dug into with a spade but it never became soft and muddy like the outer 
wall of N. exitiosus mounds. The outer wall was sharply distinct from the 
inner wall which was of a brown woody clay and had many termite 
passageways. In the mounds I opened there wasn't a clear boundary 
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Plate 6.3. Median section through a mound of Coptotermes lacteus. The 
thick outer wall of light-coloured material is dense, hard and cement-like. 
It is much harder to penetration than the crumbly outer wall of 
Nasutitermes exitiosus mounds. The inner wall and the central nursery 
of the C. lacteus mound were made from a hard, dark, woody clay, 
similar to the inner wall of N. exitiosus mounds. No evidence was found 
of goannas burrowing in C. lacteus mounds probably because they are 
more difficult to penetrate than those of N. exitiosus. 
between the inner wall and a central nursery. The deepest part of the 
mound was composed of many irregularly shaped pieces of hard woody 
clay which fitted together like a three dimensional jig-saw puzzle. 
6.3.3 MOUND TEMPERATURE 
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One hundred and thirty two mound-days of temperature records were 
obtained for 12 mounds over 63 weeks. On each recording day each 
mound temperature was read four times, at intervals of six hours. The 
diel temperature variation was less than 1.8 C except on 4 occasions when 
larger changes in temperature were recorded. Table 6.2 gives details of 
these four recording periods. The largest diel variation in mound 
temperature was 4 C in mound #24 in July 1989. 
Fig 6.2 displays the temperature characteristics of the 11 mounds for 
which there are reliable records throughout the 63 weeks. The 
temperature probe in one mound failed several times because of damage 
by termites or a fox chewing the cable. The curves for the warmest and 
coolest soil temperatures measured at the study site also are displayed in 
Fig 6.2. 
Fig. 6.2 shows: 
• the general pattern of elevated temperature in mounds- -all were 
warmer than the warm soil temperature for most of the year, and; 
-
• usually a stable temperature in mounds during the warmer 
months with a drop in temperature during winter. Some mounds 
cooled to as low as the soil temperature but others remained 4 or 5 C 
warmer than the soil throughout winter. 
I, 
Table 6.2. Showing the greatest diurnal variation in the core 
temperature of termite mounds. These data were extracted from 132 
mound days of measurements on 12 mounds. On each recording day 
temperatures were read four times at intervals of six hours giving 
four readings per mound per recording day. Apart from the data 
below, all sets of daily data have a temperature range of less than 
1.8 C and standard errors of less than 0.495. 
Mound# Date Mean temperature + SE Temperature N 
(C) ran~e (C) 
08 May89 22.0 + 0.495 21.3 - 23.1 4 
31a 25 Oct88 27.75 + 0.66 27.2 - 29.0 4 
10a 28 Feb 89 31.4 + 0.865 29.9 - 33.8 4 
24 12 Sept89 18.3 + 1.025 16.8 - 20.8 4 
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Fig 6.2. Temperature curves for the central nurseries of 11 mounds 
compared with the temperature curves from 30 cm beneath the soil in a 
warm part of the study site and in a cold place. Mounds have varying 
capacities to thermoregulate. Some mounds were only a few degrees 
warmer than the warm soil during spring, summer and autumn and 
then fell to soil temperatures in winter. Others maintained a temperature 
considerably higher than the soil throughout the year. However, all 
mounds showed some decline in temperature during late autumn and 
winter. Data were recorded for 16 months. 
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Inspection of the data reveal no clear evidence that aspect influenced the 
core temperature of the mounds. Mounds facing north or west were not 
noticeably warmer than other mounds throughout the year. The effects of 
differential shading by the forest canopy may obscure any influence of 
aspect. 
Figs 6.3 and 6.4 show the temperature curves for four mounds selected to 
demonstrate the range of temperature control within mounds. 
Mound #21 in Fig. 6.3 was particularly capable at regulating its internal 
temperature. The lowest temperature recorded in that mound was 26.6 C 
at 0600 on 9 June 1989 and for most of the year it was very stable at 31 C. It 
was the largest mound in the thermoregulation sample, measuring 90 x 
125 cm. 
Mound #12a showed a fair capacity to stabilise temperature during the 
warmer months but from April to September it dropped to soil 
temperature. This was a small mound which was first seen as a low 
"pancake" barely higher than the ground surface in February 1988. By 
May 1988 it had grown to 40 x 70 cm and remained at that size for the rest 
of the study. 
In Fig 6.4, mound #10 shows a moderate capacity to thermoregulate. The 
temperature dropped over winter but was always at least 4 C warmer than 
the soil. This mound was of moderate size: 55 x 110 cm. 
Mound #lOa was large, 65 x 130 cm, and it was usually warmer than the 
-
soil but it showed an erratic temperature curve. 
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Fig. 6.3. Temperature curves for mounds #21 and #12a illustrating the 
extremes in capacity to regulate temperature. Mound #21 showed the 
most consistent temperature of all the mounds. It did not fall below 26.6 C 
at any time during the recording period and for most of the time it was 
consistently 31 C. This mound was the largest in the sample of mounds 
for which temperatures were recorded. Mound # 12a was a new colony 
which appeared and grew into a mound during 1988. It showed a fair 
capacity to maintain an elevated temperature during the warmer months 
but fell to soil temperature during autumn and winter. Data were 
recorded for 16 months. 
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Fig. 6.4. Temperature curves for mounds #10 and #lOa illustrating 
intermediate thermoregulation compared to Fig. 6.2. Mound #10 had a 
moderate capacity to thermoregulate but was always at least 4 C warmer 
than the soil. Mound #lOa was large but showed a poor capacity to 
regulate temperature throughout the year. Data were recorded for 16 
months. 
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6.3.4 STRENGTH AND WATER CONTENT OF MOUNDS 
Tables 6.3 and 6.4 present the data on tensile strength and water content of 
mound walls. A mixed model analysis of variance of tensile strength of 
mounds showed no significant difference in strength between dry and wet 
periods (F = 0.90; df = 1,4; p = 0.3965). The tensile strength data have a 
large variance. However, even the minimum strengths measured 
indicate that inner walls are made from hard, tough material which does 
not dramatically weaken in wet weather. 
Analysing the water content data in the same way shows no difference 
between samples taken in wet and dry weather (F = 0.50; df = 1,4; 
p = 0.5185). The water content data have a much smaller variance and 
provide strong evidence that the inner wall does not become waterlogged 
by rain. 
The large variance in the tensile strength measurements is most likely to 
be due to variation in the configuration, size and position of passageways 
through the test plugs causing weakening. Tests of the plaster models 
showed that the strength of honeycombed material is about 15% of that of 
solid material (Table 6.3). The honeycombed plaster models failed at a 
similar load to that of the termite plugs suggesting that solid plaster 
provides a reasonable estimate of the tensile strength of mound material. 
This should be qualified by noting that plaster is a brittle material which 
failed very suddenly and after compressing less than 1.5 %, whereas the 
termite plugs failed less sharply and withstood about 7% compression. 
Thus the two materials appear to have different elastic properties. 
Table 6.3. Summary of tensile strength measurements of test samples 
taken from termite mounds in wet and dry weather. The 
measurements of plaster models are also given for comparison (see 
Plate 6.2). Given the high variance of the data the honeycombed 
plaster models had similar strength to the test pieces taken from 
termite mounds. Tensile strength is measured in Pascals (pa). 
Wet weather samples 
Dry weather samples 
Plaster model (honeycomb) 
Plaster model (solid) 
Mean (pa) Min (pa) Max (pa) N 
193.9 
241.1 
310.7 
2112.2 
76.0 
92.0 
268.7 
1972.9 
358.0 
433.0 
333.7 
2222.8 
15 
15 
3 
3 
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The results were analysed by a mixed model two-way ANOVA without 
replication. Mounds are taken to be random and weather is a fixed 
factor. Only the fixed factor, weather, is tested. There is no significant 
difference in strength between the samples taken in dry and wet 
weather. Therefore, these data provide no support for an hypothesis 
that rain softens mounds, enabling young goannas to dig out. 
Source of variation 
Mounds 
Weather 
Residual 
df 
4 
1 
4 
43492.0 
14345.0 
63802.0 
MS 
10873.0 
14345 
15951.0 
F 
0.90 ns 
Table 6.4. Summary of percent water content by weight of samples of 
carton taken from mounds in wet and dry weather. 
Wet weather samples 
Dry weather samples 
Mean % 
water 
18.45 
17.63 
Min % 
water 
14.9 
13.1 
Max % 
water 
23.0 
22.5 
N 
15 
15 
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The results were analysed by a mixed model two-way ANOVA without 
replication. Mounds are taken to be random and weather is a fixed 
factor. Only the fixed factor, weather, is tested. There is no significant 
difference in percent water content between the samples taken in dry 
and wet weather. These data show that mounds do not become 
saturated by rainfall. Thus the data do not support an hypothesis that 
mounds become soft in wet weather. 
Source of variation 
Mounds 
Weather 
Residual 
df 
4 
1 
4 
94.495 
5.043 
40.499 
MS 
23.624 
5.043 
10.125 
F 
0.50 ns 
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6.3.5 BURROWING BY GOANNAS 
Twenty five goannas were observed or filmed digging in termite mounds 
for a total period of about 21 observation hours. Twenty four goannas were 
small adults in the size range 40 - 55 cm SVL and 12 of the 13 which were 
identified were females. Only one male was seen burrowing. A further 8 
goannas, 3 males and 5 females, were found roosting in burrows in 
mounds and some of these undoubtedly had dug the burrows. 
The following is a summary of observations on burrowing behaviour: 
goannas burrow by scratching and gouging with the claws of one forelimb 
at a time, often swapping to the other forelimb after a few strokes. The 
forelimbs do not reach beyond the head and so this must be tucked to one 
side with an S bend in the neck while the digging limb is extended to the 
burrow face. All limbs are used to clear debris from the burrow. In deep 
burrows the goanna backs out dragging spoil with its forelimbs and 
vigorously throwing it backwards from the burrow entrance with the hind 
feet. 
Goannas quickly penetrate the crumbly outer wall of a termite mound and 
may burrow a body length or more along the interface between the outer 
and inner walls. A goanna takes about 10 minutes of continuous digging 
to make a burrow 40 cm long (its body length) in the outer wall. 
Eventually it begins to penetrate the hard inner wall and its progress 
dramatically slows. The goanna hooks its claws into the exposed termite 
passages and breaks off small pieces of the mound by drawing the 
forelimb backwards. During this phase of burrowing each gouging stroke 
of the forelimb requires a lot of force. From outside, the goanna's body can 
be seen to brace and then jerk sharply when the piece of mound breaks 
away. It may take one or two hours, or more in a big mound, to dig 
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through the inner wall and the work may be done over several days- -
digging for half an hour or so each day. Once it has breached the inner 
wall the goanna very quickly moves into the central nursery, smashing 
and pushing through the fragile galleries. After laying eggs the female 
often will dig material from a side tunnel to cover the clutch. 
Goannas are vulnerable while burrowing because they cannot see or hear 
anything approaching. During the early stages of burrowing they will 
emerge every few seconds and carefully survey the surroundings before 
re-entering the burrow. As the burrow becomes deeper it offers some 
protection and a goanna may burrow for several minutes before emerging 
to look around. Once the whole body can fit into the burrow the goanna 
may continue to dig for 15 minutes or more, emerging mainly to clear 
spoil from the burrow rather than to check for danger. If they are 
frightened at this stage most goannas simply withdraw deep into the 
burrow and often roost there overnight. 
Burrows to Hatched Nests. Plates 6.4 and 6.5 show sections through 
mounds #1 and #14 revealing the pathways of burrows leading to hatched 
or hatching nests. Note the precision with which the adult finds the 
clutch. The burrow in mound #1, which was a very large mound, 
described a sharp hairpin bend and followed a convoluted path but 
eventually lead to the clutch . The burrow in mound #14, also a large 
mound, headed more directly to the clutch. This burrow was excavated 
over 2 days. Another 9 nests were found in spring with burrows leading 
more or less straight to them, similar to the burrow in Plate 6.5 although 
two of these nests did not hatch. 
None of the hatched nests revealed any softening of the internal mound 
structure from being soaked with embryonic fluids. Albumen remaining 
. 
1, 
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Plate 6.4. Mound #1, one of the largest at the study site, has been opened 
to show the pathway of a burrow dug by an adult goanna to a nest of 
hatchlings. The burrow began in the top right of the photograph, 
proceeded towards the centre of the mound for about 80 cm, then turned 
back on itself before heading down to the nest. One emerging hatchling 
and several eggshells can be seen in the nest. This burrow was 1.6 m 
long. The scale is a 30 cm ruler . 
I· 
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Plate 6.5. Mound #14 showing a burrow dug by an adult goanna to a nest 
of hatching eggs. This 85 cm burrow was dug over a period of three or 
four days in October 1989. Initially the goanna headed towards the centre 
of the mound and then dipped down to the nest. When I first opened the 
mound none of the hatchlings had completely emerged from their 
eggshells. Therefore the adult could not have been following an escape 
tunnel dug by a hatchling. Scale bar is a 30 cm ruler. 
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in eggshells was usually thick and gelatinous and very little watery fluid 
was discharged. 
Frequency of Burrowing. Fresh burrows were found as early in the 
season as 12 September and as late as 30 March. Field notes show 
that burrows are particularly common during late September and 
October in all years of the study. Burrowing begins as much as three 
months before egg laying begins and coincides with hatching time 
(see Fig 5.1). 
Termites' Response to Burrows. Termites commenced repairs to their 
mounds within two or three hours of the goanna's departure. Initially the 
workers sealed off the galleries which had been transected by the 
burrowing goanna and then began to fill up the burrow. The repair 
material was a wet, muddy mixture which dried over a period of several 
hours. The dried repairs were usually the same colour and texture as the 
rest of the mound but remained soft and crumbly for about two days 
during which time the course of the burrow could be re-excavated easily by 
hand. 
Over the next three to five days the repairs hardened and it became 
increasingly difficult to retrace the burrow. After five days repair work in 
most mounds, particularly in the inner wall, was indistinguishable in 
appearance and strength from the rest of the internal structure of the 
mound. Repairs did not always extend right to the burrow entrance, in 
which case the entrance remained recognisable; in other cases the 
repairs were continued out and over the surface of the mound 
surrounding the entrance and obliterating any trace of the burrow. 
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The time taken to repair burrows varied greatly- -one 90 cm burrow was 
completely filled within 19 hours yet in other mounds deep burrows 
remained for more than three weeks. In the latter cases, the inner part of 
the burrows, where they penetrated the central nursery, were always 
repaired within one or two days. Often, a particular burrow was opened 
by a goanna, repaired by the termites and re-opened by a goanna 
numerous times throughout the season. 
6.3.6 GOANNA NESTS 
A total of 28 nests were found, all in the central nursery of N. exitiosus 
mounds (Plate 6.2). Eight of the nests contained freshly laid clutches, 
seven contained groups of hatchlings, eight had eggshells only, one had 
dead embryos and four had advanced embryos. Appendix B summarises 
data recorded on clutches, eggs and hatchlings found in these nests. 
Mounds Selected as Nest Sites. Goanna nests were found in mounds 
ranging from 35 x 75 cm (very small) to the two largest mounds at the 
study site; 120 x 200 cm and 105 x 230 (see Table 6.1). One clutch was laid 
in a dead mound, another in a dying mound and _others were recorded in 
mounds spanning the whole spectrum of termite colony condition. 
Termites Response to Eggs. Three nests containing some dead embryos or 
mouldy, dry eggs, also contained eggs which had been invaded by 
termites. Not all the dead eggs were attacked and there was no evidence 
that the deaths of the embryos was caused by termites. The only evidence 
of termite predation on live eggs was in the case of a clutch which was 
removed from a dissected fem ale and buried by me in a mound. Six of the 
seven eggs were attacked within 13 weeks although the seventh egg 
contained a live embryo. 
6.3.7 INCUBATION AND HATCHING 
The eggs from two clutches, found within an hour or two of laying, 
were slightly flaccid. Eggs from six other recently-laid clutches were 
firm. These eggs were dug from freshly repaired burrows, several 
hours or even days after laying. Presumably the eggs absorb 
moisture from the moist repair material which the termites apply to 
the surface of the shell. 
On one occasion, four freshly-laid eggs were ruptured in the course 
of catching a female inside a termite mound. These eggs were 
carefully examined and showed no macroscopic evidence of embryo 
development; the contents were a uniform, creamy yellow yolk. 
Eight clutches of recently-laid eggs were monitored in their natural 
nests in the field. Of these: 
• two clutches disappeared within a few days and were 
presumed to have been taken by goannas because there were 
no other known predators of eggs which could have entered the 
narrow hole and removed all the eggs without trace (Weavers, 
1989, recorded one lace monitor which had eaten a clutch). 
Subsequent nests were protected by covering the mounds with 
wire mesh hoods until winter. 
• In three clutches the embryos all died. The mounds in which 
they were laid had become moribund over winter and 
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apparently did not supply sufficient warmth to permit 
complete development. 
• Three clutches incubated successfully to hatching. In two of 
these nests some of the eggs were in the process of hatching 
when I dug them out in spring. These nests had incubation 
periods of 288 and 294 days. When the third nest was opened, 
the eggs had all hatched and the hatchlings had lost their egg 
tooth, indicating that hatching had occurred at least 2 days 
beforehand (see below). The period between laying and the 
discovery of the hatched nest was 296 days. 
6.3.8 OBSERVATIONS ON HATCHLINGS 
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Nineteen young were hatched in the laboratory from nests recovered in 
the field. Although the exact date of hatching was not known for all 
lizards, twelve young, from two nests were examined at the end of the 
second day after the last one had hatched in each nest. By this time all 
had lost their egg tooth. 
While under observation using a red light hatchling goannas made no 
vocal sounds audible to humans such as those made by crocodile 
hatchlings. However, their movements produce faint scratching 
sounds which may be audible to an adult, particularly if its head was 
inside a burrow in a mound. 
The hatchlings appeared to sleep most of the time for the first three 
or four days after hatching- -sometimes fidgeting in their sleep when 
bitten by termites. They became active after three or four days and 
broke through the soft termite galleries by pushing with their snouts. 
No hatchlings tried to scratch at the gallery material with their . 
claws in the way that the adults do when burrowing into mounds. 
The faeces of wild and captive hatchlings contained no traces of 
termites but did contain fine sand and several of their own teeth. It 
appears that they do not feed on termites in the mound even when 
they are hungry; when removed from the aquariums and offered 
grasshoppers the captive hatchlings fed voraciously. 
Digging Capabilities. The trials found that none of the ten 
hatchlings were able to dig through the material of the inner wall. 
Although they were observed trying to dig they barely scratched the 
surface. Eight of the ten hatchlings broke through the soft outer wall 
material and the ninth had almost dug through after ten days. The 
tenth animal made little progress on the plug of soft wall material. 
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Wild Hatchlings. At least four different adult monitors (distinguishable 
by size, skin patterns and scars) approached a mound containing 
telemetered hatchlings and on some occasions were obviously aware of the 
hatchlings. The adults were relatively small- -from about 45 cm to 55 cm 
SVL. To avoid interfering with their natural behaviour they were not 
captured for measuring and sexing. 
None of the adults attempted to prey on hatchlings although they could 
have done so quite easily. The activities of adults included: basking beside 
the mound, sometimes in full view of hatchlings basking less than 1 m 
away; carefully examining with their tongues the area around the 
mound; and spending up to 27 min digging in the mound. As adults 
approached the mound any hatchlings out basking usually did not 
withdraw to the tunnel until the adult was within about 50 cm. On several 
occasions adults examined and scratched at the entrance to the hatchling 
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tunnel, sometimes thrusting head and shoulders into the tunnel for five to 
ten seconds each time, apparently to inspect the interior and the 
ha tchlings. 
One of the hatchlings left the mound on the first day but the others 
remained in the mound for 15 days. Once they had left, their tunnel was 
examined and found to have been filled by the termites except for a narrow 
tunnel which the young apparently had kept open. 
6.3.9 IMPORTANT MOUNDS 
In the present study, single observations were helpful in understanding 
how termite mounds are used by goannas. Hence the following case 
histories of selected mounds are presented to demonstrate important 
points. 
Mound #Kl 
• May 1988- -mound dug open by me and found to contain a clutch of 8 
eggs. 
• 27 September 1988 and 7 October 1988- -fresh goanna hole in the 
repaired mound. 
• 3 January 1989- -freshly-laid clutch found in centre of mound. 
• 6 October 1989- -fresh burrow 15 cm deep. 
• 14 'October 1989- -burrow now 45 cm deep. 
• 24 October 1989- -this burrow now filled with fresh, wet repair 
material. There was a 2 cm wide hole in the wet material 
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(Plate 6.6). The mound was carefully excavated to reveal a narrow 
burrow, about 2 cm diameter passing through the repair material of 
the adult's burrow and leading 55 cm down to the hatchlings 
(Plate 6. 7). There were 11 empty eggshells and 7 hatchlings in the 
nest, 3 without an egg tooth and 4 with one, indicating that hatching 
had begun several days previously and 4 young had already left the 
mound. 
• 4 January 1990- -fresh clutch of 8 eggs found in centre of mound. 
• 17 October 1990- -two fresh burrows in mound, 10 and 12 cm deep 
• 22 October 1990- -burrows no deeper, mound opened and found to 
contain no live termites. Seven goanna embryos were well 
developed but dead, the eighth egg had been invaded by termites. 
There were dead termites concentrated in the centre of the mound. 
The hatchlings created and maintained a tunnel-way through soft termite 
repairs once the adult had burrowed down to the clutch. A similar 
observation was made in another mound where telemetered hatchlings 
were being watched. 
Mound #Kl contained a clutch of goanna eggs in each of the three 
successive years of my study. Fresh goanna burrows were recorded in 
September of 1988 even though the clutch had been removed in May. 
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Plate 6.6. Mound #Kl with fresh termite repairs to a burrow entrance 
originally made by an adult goanna. In the centre is a 2 cm wide opening 
to a tunnel dug by hatchlings in the repaired adult's burrow. The long 
edge of the compass is a 10 cm ruler. 
l 
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Plate 6.7. Mound #Kl has been opened to trace the hatchling's tunnel 
from the entrance in the top right (see Plate 6.6.) to the nest in the lower 
left 55 cm away where some hatchling's tails can be seen. This narrow 
tunnel follows the pathway of an adult burrow wh-ich was dug ten days 
previously. The soft material used by the termites to repair the adult 
burrow is obvious near the burrow entrance but further in, it has dried 
and is difficult to distinguish from undamaged carton. However, I had 
measured the adult burrow to be 45 cm deep ten days earlier so there is no 
doubt that the hatchlings tunnelled along the adult's burrow alignment 
The plastic tube is a temperature probe. The scale bar is a 30 cm ruler. 
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Mound #14 
• 9 October 1987- -fresh burrow with eggshell fragments at the 
entrance. Inside were a total of 17 hatched eggshells in the central 
nursery, representing at least two clutches. 
• Goannas regularly burrowed into the mound during the following 
three years and two females were caught while digging in it. 
• 12 October 1989- -fresh burrow 30 cm deep. 
• 14 October 1989- -burrow now 85 cm deep. Mound dug open to reveal 
path of burrow to a hatching clutch (see Plate 6.5). None of the 
young were free of their eggshells when the mound was opened and 
some had not even slit their shells. 
In this case, because the tunnel had been dug by an adult before any of the 
eggs had hatched the adult could not have been simply burrowing along 
an exit tunnel made earlier by the hatchlings. In mound #65 a burrow 
was found on 7 October 1989 leading to a clutch of 7 dead embryos and 3 
live unhatched eggs. Again, the adult could not have been burrowing 
along an exit tunnel made by hatchlings. 
There was no evidence in other mounds that the adults were burrowing 
along an exit tunnel made by hatchlings but the observations on mounds 
#14 and #65 show unequivocally that an adult (or adults) dug the burrow 
prior to the hatching of the eggs. 
Mound #50 
• First labeled on 22 February 1988 and regularly burrowed into over 
the next two years. 
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• 30 December 1988- -fresh clutch of eggs found. Double layer of 
chicken-wire mesh placed over entire mound to prevent disturbance 
to the clutch by goannas. The mesh was left in place throughout 
incubation to see what would happen to the hatchlings if adults 
were prevented from burrowing. 
• 8 - 14 October 1989- -evidence of several attempts to burrow into 
mound through wire mesh. 
• 23 October 1989- -adult had broken through both layers of wire mesh 
and burrowed down to clutch (Plate 6.8). Clutch consisted of 6 partly 
developed but dead and dried out embryos and one live, partly 
developed embryo. 
These observations demonstrate, again, that adults do not burrow along a 
hatchling exit tunnel. Also the adult probably was not guided to the clutch 
by noises made by the young- -unless the adult could hear noises produced 
by the embryo moving within its shell. 
More importantly, however, is the demonstration of the determination by 
an adult (or adults) to burrow down to a clutch. The mesh covering the 
mound was made from galvanised mild steel wire about 1.2 mm thick 
-
woven into a hexagonal pattern with holes about 5 cm wide. A goanna 
made several attempts to burrow into this mound over a period of at least 
16 days and finally it broke through the two layers of wire mesh. 
Moreover, the width of the burrow, only 11 cm, indicates that the adult 
was not large- -about 42 cm SVL and about 1 kg in mass (e.g., female #33 
was 42.5 cm SVL, 1.13 kg and was captured in a burrow 15 cm wide, 
female #15 was 44.5 cm SVL, 1.33 kg and was captured in a burrow 13 cm 
wide). 
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Plate 6.8. Nine months before this photo was taken mound #50 was 
covered with two layers of wire mesh to prevent adult goannas digging in 
to a nest. The photo shows where a goanna has spent several days trying 
to burrow through the mesh before breaking through and digging down to 
the nest. The wire is about 1.2 mm thick and the small burrow entrance, 
only 11 cm wide, suggests that this was a small adult goanna of about 1 kg 
mass and 42 cm snout-vent length. This provides evidence of remarkable 
strength and determination by goannas to burrow into nests within 
termite mounds. 
6.4 DISCUSSION 
6.4.1 MORPHOLOGY OF MOUNDS 
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The morphological measurements of N. exitiosus and C lacteus mounds 
quantify, and are in agreement with, the general comments made in texts 
on termites (Gay and Calaby, 1970, Hadlington, 1987, Ratcliffe et al., 1952, 
Watson, 1988). It was interesting that goannas did not burrow in C. 
lacteus mounds at all, either at the study site or at nearby Bendethera in a 
previous study (Weavers (1983). Lace monitor eggs have been found in C 
lacteus mounds elsewhere in New South Wales (Watson, personal 
communication; Weavers, 1988). At the study site C. lacteus had a 
markedly harder outer wall with very few termite passages than N. 
exitiosus and it is likely that goannas would have much more difficulty 
penetrating the former. Nevertheless , it is curious that there was never 
any evidence of goannas even scratching the surface of C. lacteus mounds 
at the study site. In Africa, Cowles (1930) described the mound of a second 
species of termite in his study area, having exceedingly thick, hard walls, 
and he implies that nile monitors do not nest in them. 
6.4.2 MOUND TEMPERATURE 
The findings agree with measurements of temperature in mounds of this 
species by Watson and Abbey (1986) and Holdaway and Gay (1948). Both 
papers report an elevated, stable temperature in most mounds for about 6 
months of the year and then a fall during the cooler months. Both studies 
showed that live mounds were several degrees warmer than dead mounds 
throughout the year. Watson and Abbey (1986) report one mound at 
Batemans Bay (near the Deua study site) which maintained a 
temperature at or above 30 C throughout the year except for a brief fall 
coinciding with the emergence of the alates. Watson and Abbey (1986) 
attribute the variation in mound temperature seen in most mounds 
between August and October to the development and flight of alates. 
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Holdaway and Gay (1948) and Watson and Abbey (1986) concluded that 
termites raise the core temperature of their mound by congregating in the 
central nursery during cold weather. In hot weather they disperse from 
the central nursery and the thermal inertia of the mound probably buffers 
the temperature at the upper end. 
The diel variation in temperature measured in my study corresponds with 
findings by Holdaway and Gay (1948) for the same species. In my study 
most mounds varied by 1.8 C or less over 24 hours and they found an 
average variation of 4.3 F. 
The difference among mounds in their capacity to thermoregulate 
appears to be only partly explained by the sizes of the mounds. Certainly, 
the larger mounds would be expected to have greater thermal inertia and 
so buffer external temperature changes. However, active temperature 
regulation through the behaviour of the termite colony also appears to be 
of major importance. 
This aspect of a mound's capacity to thermoregulate is more difficult to 
measure or demonstrate but may be related to the "vigour" of the colony or 
possibly the number of individual termites in it (see Watson and Abbey, 
1986). Mounds #21 and #10 were regularly repaired and resurfaced 
whereas #lOa was always slow to repair holes , was always covered in 
moss and never showed extensive rebuilding work. It is possible that #lOa 
had a smaller or less energetic population of termites than the others and 
so did not have the same ability to accurately regulate the core 
temperature as other large mounds. 
6.4.3 STRENGTH AND WATER CONTENT 
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There have been no published attempts to measure physical properties of 
termite mounds and in the present study tensile strength was found to be 
a difficult property to measure. The material of mounds is heterogeneous 
with differences in the layers, inclusions of rock, old stumps and the 
characteristic honeycomb structure. Variance was large and, ideally, 
more mounds should have been sampled. 
The rationale for using tensile strength as the appropriate physical 
property to measure is valid. However, the methodology needs further 
testing and possibly rethinking. For example, the use of a powered hole-
saw for cutting out test plugs from termite mounds would enable a larger 
sample to be tested and this may compensate for the large variance. 
Nevertheless, the honeycombed structure of the carton introduces very 
large variation in strength and frustrates measurement of the strength of 
the carton itself- -which is the property goannas must overcome to 
burrow. 
The plaster models were very laborious to produce and only three were 
tested. The validity of using this material to attempt to measure 
weakening in samples from termite mounds could be criticised on the 
grounds that it had not been established that the two materials were 
closely similar in their physical properties. This goes back to the original 
technical problem: that of obtaining a sufficiently large, homogeneous 
piece of termite carton to test. 
/. 
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The measurements of water content were not affected so much by 
structural heterogeneity and the variance for these data was small and 
the result more clear cut. Heavy rain does not cause an increase in the 
water content of the inner wall of N. exitiosus mounds. 
The purpose of these tests were to evaluate the hypothesis that rainfall 
causes very large changes in the strength of termite mounds, sufficient to 
enable hatchlings to dig out. Notwithstanding the small sample size and 
the technical difficulties, both sets of measurements taken during wet and 
dry weather agree with my observations that the interior of mounds is not 
significantly affected by rainfall. The results and the observations provide 
no support for the softening hypothesis at least for N. exitiosus mounds . 
6.4.4 BURROWING BY GOANNAS 
In the present study goanna burrows in termite mounds were a 
conspicuous feature of the forest environment throughout the warmer 
months. The only other author to have commented on this practise was 
Weavers (1983) who gained the impression that nearly every mound had a 
burrow in it during December and January at his study site. Lace 
monitors appear to devote a great deal of energy to burrowing in mounds. 
On the evidence from goannas captured or identified most burrowing is 
conducted by females . 
6.4.5 GOANNA NESTS 
In the present study nests were found only in termite mounds. A 
further 6 specific records of lace monitor nests in termite colonies 
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were obtained (Fleay, 1960; Longley, 1945; Mertens, 1987; Weavers, 
1983 [2 records]; Weavers, 1988). Riley, et al. (1985) classify lace 
monitors as "facultative" nesters in termite mounds on the basis that 
they are "known to lay eggs in other sites". Authorities such as 
Cogger (1967), Bustard (1970) and Greer (1989) make general 
statements that lace monitors lay eggs in holes in the ground or 
hollow logs as well as in termite mounds. However, an exhaustive 
survey of the literature reveals no specific descriptions of lace 
monitor nests being found anywhere but in termite colonies. 
It should be noted that nests in termite mounds are more obvious and 
accessible in a forest landscape compared to nests in say hollow trees 
or underground burrows. Given the very secretive nature of lace 
monitors and the abundance of potential nest sites which are 
inaccessible or inconspicuous to human observers the question of 
whether they lay eggs elsewhere remains open. The evidence 
gathered here indicates that termitaria are by far the most common 
oviposition sites for lace monitors at least in the temperate part of 
their range. 
Termites are well known for their ability to attack tough materials 
including hardwoods, plastic and even lead sheathing on 
underground cables (Watson, 1988 and personal communication, 
personal observations). However, they rarely attack goanna eggs. 
This should be qualified by noting that if entire clutches were 
destroyed there would be no trace of that attack. However, in the 
three clutches followed through more than nine months of 
incubation in mounds, no eggs were invaded apart from the clutch I 
buried. The latter case suggests that female lace monitors may apply 
some form of chemical protection to the eggs at oviposition. 
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Not all eggs were laid in live mounds and some mounds died over winter, 
apparently causing the death of all embryos within. Termite colonies may 
become debilitated and die through frequent disturbance by goannas 
which kill workers, soldiers, nymphs and eggs as they burrow and they 
may occasionally kill the queen. It is also apparent that some female 
goannas are not adept at selecting good incubator mounds. This may be a 
skill which develops with experience. Possible mechanisms giving 
feedback to the female on her choice of mound will be discussed in 
Chapter 7. 
6.4.6 INCUBATION AND HATCHING 
Lace monitors appear to retain their eggs for only a brief period between 
ovulation and oviposition; very little embryonic development takes place 
within the female. According to Shine (1985b) available data indicate that 
this is unusual amongst the squamates. For most species almost one-half 
of the total period of embryonic development takes place in utero. This 
practise of egg retention represents increased parental investment in the 
offspring (Shine, 1985b). Clearly lace monitors have not opted for this 
form of parental investment. 
The most radical feature of the breeding season in lace monitors 
confirmed in the present study is the overwintering of the embryos. 
There are no records, either from the present study or from the 
literature, of clutches being laid other than in mid-summer 
(Weavers, 1983; Markwell, 1983; Bredl and Schwaner, 1983; Smith, 
1987) or of hatching occurring other than in mid-spring (Mertens, 
1987; Longley, 1945). Three clutches were monitored in situ 
throughout incubation periods of more than nine and a half months. 
Such field data have not been published for any other species of 
varanid. They confirm the evidence from captivity (reviews by Hom 
and Visser, 1989; and Greer, 1989) that lace monitor eggs incubate 
for a remarkably long period. The results support the conclusion 
that overwintering of the eggs is characteristic of the reproductive 
strategy of Varanus varius This is not a feature of breeding 
recorded for any other squamate from southern Australia (Shine 
1985a). 
6.4.7 HATCHLINGS 
The timing of hatching by lace monitor eggs may be determined by 
some innate mechanism or, by the steep increase in temperature 
found in most mounds early in spring. 
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Within the mound, hatchling lace monitors make no vocal sounds but 
their movements make faint scratching noises which could be audible to 
an adult goanna. The possibility that young make sounds in frequency 
ranges inaudible to humans cannot be excluded, but observations in 
captivity gave no suggestion that the young were attempting to make vocal 
sounds. There was no evidence that the young feed on termites. 
Observations at one mound found an interesting series of interactions 
between hatchlings and adult goannas. There was every opportunity for 
the adults to prey on the hatchlings but for some reason this did not occur. 
Lace monitors will consume other reptiles (see Section 4.3.2) and are 
known to take conspecific carrion and eggs (Ward and Carter, 1988; 
Weavers, 1989). Interpretation of this limited series of observations 
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requires great caution, but the lack of a predatory response by at least four 
adults suggests that the hatchlings were recognised and treated 
differently from other reptiles. 
Digging Capabilities. The digging trials showed that most young are 
inclined to dig out of a confined space through a piece of mound but are 
unable to penetrate the material of the hard inner wall. Evidence from 
two dissected termite mounds showed that hatchlings will maintain an 
exit tunnel through soft repair material but there was no evidence that 
they could dig through the wall of an intact mound. 
6.4.8 THE EMERGENCE OF HATCHLINGS FROM MOUNDS 
The results presented in this chapter permit an evaluation of the 
hypotheses put forward to explain how hatchlings emerge from termite 
mounds (see Section 6.1, Introduction). First, here is a review of the 
findings: 
• Goannas oviposit in the centre of N. ·exitiosus mounds, inside the 
hard inner wall. The termites repair the burrow and seal the eggs 
into the mound structure. 
• In laboratory trials hatchlings could not burrow through a plug of 
material from the inner wall of a termite mound. 
• Fluids escaping from the hatching eggs were so scanty that they 
had no softening effect on the internal structure of the mounds. 
• Rain did not significantly soften the inner wall of these mounds. 
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• Adult goannas were capable and determined burrowers in termite 
mounds. They burrowed accurately to full-term nests just prior to 
or at the time of hatching. 
Considering the present case, that of Varanus varius young and 
Nasutitermes exitiosus mounds, three of the hypotheses on 
hatchling emergence were inadequate to explain the evidence: 
(1) Rain does not soften these mounds to allow the young to dig 
out. 
(2) Lace monitor hatchlings are incapable of simply digging their 
own way out. 
(3) Embryonic fluids do not soften the carton surrounding 
hatching nests. 
The first two hypotheses may be true for other associations between 
reptiles and social insects (see Riley et al., 1985) but I can find little 
evidence that the authors verified their ideas in the field apart from 
Emerson, quoted in Cowles (1930) who carried out field studies on 
Tupinambis nigropunctatus. In any case, the two hypotheses do not 
account for the emergence of V. varius hatchlings from N. exitiosus 
mounds. 
The third hypothesis comes from Cowles' classic paper on the nests 
of Varanus niloticus, a species of comparable size to V. varius, living 
at similar latitudes and exploiting the mounds of Nasutitermes 
trinerviformis, a congener of N. exitiosus (Cowles, 1930). However, 
a careful reading of his paper suggests that his hypothesis is not 
supported by some of his own observations. He states that the fluid 
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from the hatching eggs quickly reduces the material of the mound to 
a soft mud and a "swarm of young monitors" covered in wet mud 
move upwards softening and breaking down the cell walls so that 
they ultimately emerge from a hole in the top of the mound. 
He says that five nests were observed during the "actual emergence 
of the young" but he describes only one nest where a hatchling was 
found emerging from a mound. The term "emergence" was not 
carefully defined and Cowles may have been referring to hatchlings 
emerging from eggs which he uncovered in the course of his 
systematic excavations of mounds. 
In his description of emergence from a mound, the hatchling was 
seen at the entrance to a "chimney" which measured 1.25 x 1 inches 
(3.2 x 2.5 cm) and led down to four eggs, one of which had hatched 
but "still contained unspilled albumen, two complete and unbroken 
eggs, and one in the process of hatching". On this evidence, then, a 
single hatchling had reached the surface of the mound without the 
assistance of any embryonic fluid or a swarm of its siblings. So how 
did it get out? 
The evidence from mound #Kl provides a plausible explanation. In 
that mound V. varius hatchlings had maintained a tunnel 2 cm wide 
through soft repair material in an adult burrow (Plates 6.6 and 6. 7). 
It is possible that the V. niloticus hatchling was emerging through a 
similar tunnel in a repaired adult's burrow that had subsequently 
hardened. 
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Cogger's Hypothesis. One hypothesis remains; that of Cogger (1967) who 
wrote concerning Varanus varius: 
"It is generally believed that the young, when they hatch from the 
eggs, must then make their own way out of the termite mound. 
However, on several occasions when adult goannas have been 
disturbed at termite mounds, newborn young have been found 
emerging. This suggests that the female may remain near the nest 
until the young are ready to hatch, at which time she makes a new 
tunnel to release the young." 
Two other accounts agree with this hypothesis: Mertens (1987) 
reports that a female lace monitor was trapped at the entrance to a 
burrow leading to a hatching nest of goannas in a termite mound. 
The burrow had been maintained for at least three days, being 
reopened daily following repair at night by the termites. Hassel 
(1975) records similar behaviour by another Australian goanna, 
either Varanus rosenbergi or V. gouldii in the southwest of Western 
Australia. In the account, which apparently is derived from 
Aboriginal knowledge collected in the late 1800s, it is stated that these 
monitors lay eggs in termite mounds and, at the time of hatching, 
the parent returns to the nest to reopen the hole (see Frontispiece). 
The evidence from this chapter is explained by Cogger's hypothesis. 
Chapter 7 draws together all the evidence from previous chapters to 
discuss the plausibility of this form of parental care and how it fits into the 
overall reproductive strategy of lace monitors. 
CHAPTER SEVEN 
GENERAL DISCUSSION 
The present study provides the most comprehensive detail on 
reproduction for any species of varanid. Table 7 .1 compares all 
known field studies of reproduction by monitor lizards using three 
categories of information; nests, female anatomy and courtship 
behaviour. Most studies have concentrated on only one of the three 
components and the most common one was female anatomy. In this 
thesis, all three components were covered, as well as other aspects of 
behaviour and ecology, permitting a more complete picture to be 
drawn of the reproductive ecology of the lace monitor. 
7.1 REPRODUCTION BY LACE MONITORS 
Using the findings of the present study and Fitch's (1970) guidelines 
(see Section 1.6) reproduction by lace monitors may be described as 
follows: 
• they are oviparous with no visible embryonic development 
occurring in the oviduct; 
• they have an annual cycle with ovulation and mating taking 
place in spring/early summer and oviposition about four to six 
weeks later in mid-summer. Hatching takes place the 
following spring; 
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Table 7.1 A comparison of all known field studies of reproduction by varanids, showing how much information was collected 
in three primary categories: nests; breeding behaviour; and female anatomy. Only the work reported in this thesis provides 
detailed information in all three categories. 
Author Species studied Duration Number Instances of Number of 
of study of nests courtship females 
(years) found observed dissected or 
1 
Auffenberg, 1981 V. komodoensis 1.1 0 9 0 
Auffenberg, 1988 V. olivaceus 1.8 0 0** 31 
Biswas and Kar, 1981 V. salvator - 4 0 0 
Cisse, 1976 V. niloticus & 1.0 1? 0 
V. exanthematicus 0 0 
Cowles, 1930 V. niloticus 3.0 >9 0 0 
Gaulke, 1989 V. salvator 1.0 1 1 0 
Jacob and Ramaswami, 1976 V. bengalensis 5.0 1 0 36 
King and Green, 1979 V. rosenbergi 3.0 2 1 7 
King et al., 1989* V. giganteus 0.12 0 0 3 
Pianka, 1986 7 spp 5.0 0 0 39 (3 spp) 
Shine, 1986 4 spp 0.9 0 Z? 25 (4 spp) 
Vogel, 1979 V. salvator 1.0 1 1 0 
Weavers, 1983 'V. varius 3.0 0 0 11 
Wikramanayake & Dryden, 1988 V. indicus 1.7 0 0 43 
Carter, this study V. varius 3.25 28 28 44 
- = information not given, ? = record doubtful. 
*One of these authors has spent many years on Barrow Island where V. giganteus is abundant but apparently has not found their nests . 
**Captive animals maintained close to field site were observed courting. 
--I. 
w 
--I. 
• most females breed each year and produce one brood of about 8 
eggs; 
• both sexes take at least four or five years to mature; 
• Intraspecific differences were not studied but literature 
records and museum specimens from a large area all accord 
with the reproductive pattern described for the goanna 
population at the study site (see Fig. 5.1). 
Two further features of reproduction make the lace monitor 
unusual; it nests in termite mounds and it appears to display a well 
developed form of parental care. 
7.2 ROLE OF TERMITE MOUNDS 
Table 7 .1 demonstrates the difficulty most authors have had in 
finding the nests of monitor lizards in the field. Most of the authors 
devoted considerable effort to finding nests but only Cowles (1930) had 
much success. The 28 nests found in the present study represent the 
greatest number ever found in a study of wild monitor lizards. 
Combined with the 6 literature records (see Section 6.4.5) this 
provides strong evidence that, over much of their range, lace 
monitors commonly lay their eggs in termite nests. 
Two attributes of termite mounds at the study site were measured, 
core temperature and hardness of the mound wall, confirming that 
the mounds provide a warm, stable environment for incubation and 
a fortress-like refuge secure from most predators. Other researchers 
have shown that termite mounds have high humidity, and that 
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termites control bacteria and fungi inside the nest (Riley et al., 1985, 
-Noirot, 1970, Fyfe and Gay, 1938). 
Thus, termites play the role of care-givers and guardians of goanna 
eggs and they supply an ideal micro-environment throughout 
incubation. "Care" begins almost as soon as the eggs are laid when 
the termites apply their wet repair material to the eggshells. The 
eggs take up moisture rapidly in the first few days and fill out to the 
shape which they will occupy for the next nine or ten months. 
Termites rarely attack goanna eggs, yet they appear to derive no 
benefit from acting as hosts . On the contrary there appear to be 
significant costs to the termites through regular repair of burrows, 
mortality of workers and soldiers, destruction of nymphs and eggs in 
the central nursery and, occasionally, the death of the queen. Hence 
the relationship between termites and goannas is best described as 
host and parasite. 
Wherever there are suitable termites, an oviparous reptile which can 
parasitise termite mounds will be less constrained by a lack of warm, 
secure nest sites or a short breeding season; factors which seem to 
have influenced the evolution of other squamates towards egg 
retention and viviparity, especially in cold climates (Shine, 1985b; 
Clutton-Brock, 1990). 
The one constraint such a parasitic reptile may face, however, is 
imprisonment of its hatchlings inside termite mounds. The solution 
to this problem is for the mother to return and release the young. 
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7.3 PARENTAL CARE 
Shine (1988) defines "parental care" as any action of the parent after 
oviposition or parturition that increases the chances of survival of the 
offspring. Somma (1990) uses the phrase "parental behavior" to refer 
to all behavioural contributions by the parent to offspring survival 
after oviposition or parturition. These definitions exclude other 
forms of parental investment, such as viviparity, preparation of nests 
or production of large eggs (Clutton-Brock, 1990). The term "parental 
care" is used in this thesis and follows the definition of Shine (1988). 
Parental care does not necessarily refer to the display of what 
humans might regard as affection, emotion, protection or 
recognition towards offspring. The definition requires only that the 
parents perform some act or acts, irrespective of motivation, which 
enhance the survivorship of their young. 
During the present study there were no direct observations of an 
identifiable parent performing parental care behaviour to eggs or 
young which were unequivocally their offspring. Nevertheless, 
compelling evidence was assembled to indicate that an adult or 
adults release young from termite mounds. It is likely that the 
mother does most, if not all, the burrowing needed to release young. 
Evidence from cooperative breeding by birds and mammals shows 
that there is selective advantage for adults other than parents to care 
for young but the primary advantage and the greatest burden of care 
remains with the biological parents (Emlen, 1984). In crocodilians, 
which display some features of cooperative breeding, males and 
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females other than the mother play a much less significant role in 
caring for the offspring than does the mother (Lang, 1987). 
There is no indication that lace monitors are cooperative breeders. 
Auffenberg (1983) suggests that V. komodoensis may form pair bonds 
although his evidence is limited. Lace monitors are usually solitary 
and there is no evidence either in the literature or from the present 
study that any pair bonds form in this species. Therefore it is 
unlikely that the male parent would know where his progeny were 
buried. Furthermore, both Shine (1988) and Somma (1990) have 
remarked on the extremely low incidence of male parental care in 
squamates. 
I conclude that the individual primarily responsible for excavating 
the release burrow to a nest of hatchlings is the mother goanna. The 
evidence was inadequate to decide whether other adults play any role 
in releasing young. Digging by other adults would be a safeguard 
for the young against the demise of the mother during incubation. 
Objections to Cogger's Hypothesis. Cogger (1967), who first published 
the proposal that female lace monitors release their young from 
termite mounds, found difficulty with the idea that the female could 
remember where she laid her eggs and that she could know when 
the eggs had hatched. Similarly, Greer (1989) regarded this form of 
parental care as unlikely because females do not attend the nest and 
the young do not have a voice with which to alert the mother. 
However, there are answers to both these objections. 
Firstly, it is not necessary that the female attend her nest, merely 
that she be able to relocate it at hatching time. Indeed, it is a specific 
advantage of this reproductive strategy that the female does not need 
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to attend her nest because the eggs are protected and provided for 
within the termite mound. She is free to attend to her own needs 
throughout the incubation period. 
Is it likely that the female would remember where she laid her eggs? 
Regal (1978) notes that there is only a fragmentary literature on the 
mental capacity of lizards but he argues that intensively foraging 
species such as varanids and teiids are, amongst reptiles, the most 
likely to show characteristics such as curiosity and exploration and 
the rudiments of reason or self awareness. Also, Pianka (1982, 1986) 
has commented on what he regards as the mammal-like intelligence 
of monitor lizards. 
Chapter 4 provides evidence that female lace monitors occupy a home 
range and are familiar with the physical features of at least the core 
of that area. This is consistent with published findings that varanids 
and snakes make apparently purposeful movements around their 
home ranges, repeatedly using particular retreats (Auffenberg, 1983, 
1988; Shine, 1991). Also, rattlesnakes return annually to hibernation 
dens (Klauber, 1956). Most home ranges of female lace monitors 
would contain fewer than ten termite mounds which are 
conspicuous features of the local landscape. It does not seem to be 
beyond the ability of female lace monitors to relocate the one in which 
she laid her eggs, especially if she uses the same mound over several 
breeding seasons. 
The olfactory sense of monitors is well developed and they readily 
locate food items beneath the ground (Auffenberg, 1984; Greer, 1989; 
personal observations). The honeycombed structure of termite 
mounds would enable scent molecules to diffuse relatively 
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unhindered throughout the mound and it is possible that lace 
monitors can detect nests in this way, perhaps after breaking the 
surface with a few scratches or a shallow burrow. Goannas are 
highly mobile; one female at the study site traveled more than 300 m 
in less than two hours. Even if a goanna did not remember which 
mound she nested in it would not take more than a few days for her 
to check all the mounds in her home range. 
Secondly, hatching and release of the young do not have to be 
precisely coordinated. The hatchlings can survive for at least two or 
three weeks in the mound, probably much longer, and the adults can 
maintain an open burrow for periods of several weeks. Hatching 
occurs in spring, at about the time that adults commence activity 
following winter. The onset of spring may provide an adequate cue 
for coordinating both hatching and release of young by the mother. 
Coordinating Hatchling Release. The following mechanism is 
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proposed for the coordination of the release of hatchlings by their 
mother. Following the period of winter inactivity dictated by the 
angle of the sun (Weavers, 1983), female goannas begin to move 
around the core of their home ranges. They have a behavioural 
priority, linked to this recommencement of activity, to locate and 
burrow in the mound where they had laid their eggs. They begin 
with a short hole and dig the burrow deeper over subsequent days or 
weeks. 
The possible means by which the burrowing female is guided to her 
nest may be one, or a combination of, the following: the scratching 
sounds produced by the moving young; her memory of the nest 
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location; olfactory traces or gradients; a temperature gradient; or her 
knowledge of mound structure- -ie, heading into the central nursery. 
Once the nest is reached its progress determines her subsequent 
behaviour. If the clutch has not hatched she keeps the burrow open 
until they do or until she detects that they are dead. If the eggs have 
hatched she may keep the burrow open herself or leave the young to 
maintain their own exit burrow. 
7.4 MODEL OF REPRODUCTIVE STRATEGY 
The following descriptive model puts together the evidence presented 
in this thesis and provides an overview of reproduction by female lace 
monitors. Fig. 7 .1 expresses this model as a diagram. 
After the winter recess, females put energy and nutrients into follicle 
growth during spring when food is plentiful. Mating and ovulation 
take place in late spring and the eggs are laid in mid-summer. The 
female has no further responsibilities until next spring and she 
devotes the remaining two or three warm months to meeting her 
own needs prior to retiring for the winter. 
The embryos incubate for nine or ten months, protected from 
predators, microorganisms, low temperatures and flooding or 
desiccating. However, at hatching the young find themselves 
imprisoned within the structure which gave them so much 
protection as embryos. This problem is solved by the behaviour of the 
female who returns to her nest following the winter and digs an exit 
tunnel for her young. The young emerge in spring with most of the 
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Fig. 7 .1. Diagram of the annual breeding cycle of lace monitors. The 
outer circle represents offspring in termite mounds and the inner circle 
represents females. 
Vitellogenesis begins in AugustJSeptember when the female becomes 
active. Ovulation and mating take place in November and December and 
the eggs are laid in termite mounds in December/January. The female 
leaves the eggs to the care of the termites and attends to her own needs for 
the remaining months of the season. 
The eggs develop within the warm mound and then become quiescent as 
the mound cools during May. The onset of spring (AugustlSeptember) 
stimulates rapid development and hatching occurs from October through 
to November. 
The female returns to her nest from the previous season and burrows in to 
release the young. They disperse and begin feeding with several months 
of warm weather ahead to grow and store fat before winter. She is in 
vitellogenesis and ready to breed again. 
productive season ahead of them to grow and store fat before their 
first winter. 
This parental behaviour may include a feedback mechanism which 
reinforces the mother's correct selection of a suitable nesting mound 
the previous year. 
This model was developed from evidence gathered in the southern 
coastal part of the lace monitor's range but evidence from the 
literature, and from museum specimens, indicates that this model 
applies through much of the rest of its range (see Chapter 5 and 
Fig. 5.1). 
7.5 COSTS AND BENEFITS 
It is helpful to consider life history strategies in terms of the 
evolutionary costs and benefits even though empirical 
measurements may be very difficult (Shine, 1985b, 1988). The cost of 
increased parental investment is a reduction in the ability of the 
parent to invest in other offspring. The benefit of increased parental 
investment is the increased survivorship of the young (Clutton-
Brock, 1990 ). 
If increased parental investment is in the form of egg retention or 
viviparity the costs may be: burdening the female for a long period 
thereby reducing her opportunities to feed and increasing her 
vulnerability to predation; requiring her to bask more and therefore 
be exposed to higher levels of predation; the eggs occupy her 
reproductive tract for long periods and therefore increase the interval 
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between broods; the size of the brood is limited by the space inside the 
female (see reviews by Shine, 1985b and Clutton-Brock, 1990). 
If the investment is post-partum, ie parental care, the costs may be: 
reduced food intake for a brood-guarding parent; increased exposure 
to predation; increased metabolic expenditure through shivering 
thermogenesis (pythons) or through active defence of the brood. 
The benefits of either investment strategy may include: producing 
larger offspring; increasing the growth rate of offspring; reducing 
mortality rates of offspring; or producing offspring during favourable 
times; all resulting in increased survivorship of offspring and 
therefore increased overall reproductive success of the parents. 
In the case of the model put forward for the lace monitor, the costs 
may be: 
• the effort expended by the female to penetrate termite mounds 
several times in a year to choose a nesting site, to lay eggs and 
to release hatchlings; 
• possible increase in vulnerability to predation while she is 
digging a burrow; 
• risking predation of the clutch through selecting a dead 
mound; or failure of the clutch if the mound dies during the 
long period of incubation; or starvation of the hatchlings if the 
mother dies before she can release them; 
• expenditure of nutrients to provision each embryo for such a 
long incubation period. 
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The benefits are primarily: 
• minimising the period during which a female is burdened 
with eggs; 
• freeing her from the need to guard or otherwise care for 
offspring, and therefore allowing her to forage throughout her 
active season; 
• providing secure, warm conditions for the incubating eggs, 
largely independent of ambient temperature; 
• releasing hatchlings at the time of greatest food production, ie 
spring/early summer, rather than late in summer or in 
autumn as is invariably the case with other oviparous, 
temperate reptiles in Australia (Shine, 1985a). 
• enabling lace monitors to occupy cool temperate and high 
elevation areas of Australia where there would be expected to 
be limitations on oviparous squamates, especially those laying 
such big eggs. 
The strategy adopted by lace monitors appears to retain the relatively 
lower costs of ovipary and obtain the benefits of vi-vipary or parental 
care with a very small additional investment. The key is being able to 
exploit a special micro-environment where most of the benefits are 
supplied and costs borne by another species. 
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7.6 EVOLUTION OF THIS STRATEGY 
This section speculates on how this form of parental care may have 
evolved in Varanus varius. Shine (1988) suggests two pathways for 
the evolution of parental care in reptiles, stressing the importance of 
considering beneficial intermediate steps: 
1. The mother remains with her eggs for a short time because 
she is exhausted following oviposition. Her presence deters 
egg predators and so selection favours prolonging the period of 
egg attendance. Further complexity in the parental care 
behaviour could evolve as incremental improvements on 
simple egg attendance. 
2. The female regularly returns to the vicinity of her clutch 
because it was deposited in a place which is favourable to her 
as well as the eggs. Her regular presence increases egg 
survivorship and therefore selection favours more persistent 
attendance. 
Elements of both pathways may have lead to the behaviour adopted by 
lace monitors. The greatest diversity of varanids occurs in the 
tropics and members of related families, the Helodermatidae and the 
Lanthanotidae are tropical. We might propose that an ancestral 
monitor was tropical, oviparous and with a similar body shape to 
that of extant species. The warmth of termite mounds would have 
attracted adults to dig burrows as overnight roosts or as refuges 
during inactive periods. These places also would have been 
convenient oviposition sites. If soft termitaria such as the arboreal 
nests of Nasutitermes walkeri were used, it would not matter that 
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the termites repaired the borrows and sealed in the eggs because the 
hatchlings could dig their way out. 
The termitaria would have offered excellent conditions for incubation 
and some protection from predators, particularly if they were high in 
trees. The relative safety of even soft mounds may have lead to 
selection for larger eggs and therefore larger hatchlings and so a 
prolonged incubation. This is the safe harbour hypothesis (Shine, 
1978) which argues that selection will favour prolonging the period 
spent growing in the egg if that stage has low mortality. Balancing 
this, Clutton-Brock (1990) points out that it is not possible to 
determine which came first, the large egg or parental care, and that 
both probably coevolve. Whatever the mechanism, large eggs are an 
advantage if they can be protected because they produce large 
hatchlings which, usually, are less prone to predation and are likely 
to reach maturity sooner. 
The construction of a nesting burrow in a termite mound may well 
have exhausted the ancestral gravid female and the comfort offered 
her may have encouraged her to remain with her clutch once it was 
laid. She may have returned periodically to that mound for shelter. 
Her burrowing may have coincided with hatchling emergence and, 
although the young might have been able to dig out of soft mounds 
themselves, her assistance could have benefited the young through 
reduced expenditure of their energy reserves and by deterring 
predators. 
Thus selection might favour attendance at the freshly-laid clutch 
until it is sealed in by the termites, and the return of the female to 
her nesting mound at the time her eggs are hatching. Selection 
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could operate to adjust the period of incubation so that young were 
released at the most favourable time. 
The involvement of the female in releasing hatchlings would 
preadapt the species to making use of harder mounds. Also, tropical 
species would be preadapted to colonise cooler habitats where 
mound-building termites were common because the lizards would 
not be constrained by a shortage of suitable nesting sites. 
In temperate climates there are stronger seasonal incentives for 
females to burrow into termite mounds in spring where the warmest 
overnight roost will be in a mound. The earlier in the day a female 
can reach her operating temperature, the more time she will have to 
forage at the time of year when prey species are breeding. Similar 
advantages apply to young released at the same time because they 
will have the greatest benefit of the warm season before their first 
winter. 
It is possible that the release of lace monitor hatchlings is motivated 
by more than just a behavioural parental drive. The motivation may 
include elements of female thermoregulation and the testing of 
mounds for suitability as nest sites later in the season. However, as 
cautioned above, the definition of parental care does not rely on 
motivation, but that the parents' actions increase the survivorship of 
their young. Evidence presented in this thesis shows that the young 
probably would not survive if they were not released from the mound. 
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7.7 WHY SHOULD THIS PARENTAL BEHAVIOUR BE SO 
POORLY KNOWN? 
If the model put forward in this thesis is true, and parental care is 
characteristic of the reproduction of lace monitors and possibly of 
other monitors, why has it remained a complete mystery to western 
science for so long? Lace monitors are large, common, often bold 
lizards and their distribution coincides with the highest human 
densities in Australia, so why don't we know more about their 
breeding behaviour? 
My answer to this is in two parts, firstly to do with goanna behaviour 
and secondly to do with the nature of termite mounds. 
Researchers who have spent time in the field observing monitor 
lizards often comment on their wariness (Auffenberg, 1981, 1988; 
Pianka, 1982, 1986; Gaulke, 1989; Stebbins and Barwick, 1968; 
Weavers, 1983). In the present study, many lace monitors, 
particularly females, were found to be very wary. Some were only 
ever seen once, at the time of capture, even though they carried a 
transmitter for several weeks or even months and they could be 
precisely located regularly. In every instance they became aware of 
the human observer and retreated to a tree hollow or rock crevice 
long before they could be seen. 
Goannas have their eyes set high on the skull and need display only a 
tiny sliver of their head in order to see past an obstacle. Frequently 
they would keep to the far side of a tree trunk or bush and watch with 
only their eye and "eyebrow" exposed. So they are able to see humans 
long before the human is likely to see them. 
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Watching goannas from a hide is either very boring because they 
spend so much time doing nothing, or very frustrating because they 
move so much that they are soon out of sight. The behaviours 
necessitated by the above reproductive model are very brief, usually 
less than an hour at a time, and often widely dispersed in both space 
and time. So it was very unlikely that, by chance, people would be 
able to obtain, piece together and interprete all the observations of 
behaviour necessary to support a conclusion of parental care. 
My second point relates to the fact that the qualities which make 
termite mounds such good nest sites also make interpretation of 
goanna behaviour at a mound so difficult. All a human observer is 
likely to see is the occasional burrow in a termite mound, at times 
with a goanna in attendance. If eggs or young are present they will 
be deep out of sight in the burrow. Opening the mound is a laborious 
exercise requiring a heavy tool such as a pick or crow bar and often 
there will be nothing inside to indicate that the burrow is related to 
breeding. I opened over 40 mounds at random and found only two 
goanna nests and Cowles (1930) reports a similar success rate for his 
excavations of mounds in South Africa. 
Thus, people witnessing goannas at termite mounds are unlikely to 
be able to understand the significance of their behaviour. 
The primary reason for the success of the present study was the 
integrated approach to the fieldwork. The use of a laparoscope 
permitted surveillance of individuals of known sex and reproductive 
status; the hide and radiotelemetry enabled observations of natural 
behaviour; and the great deal of time spent simply patrolling marked 
termite mounds recording goanna activity eventually lead to 
147 
. 
I· 
accurate assessments of which mounds might contain nests. 
Contributing to this success was the fact that goannas use 
conspicuous and accessible termitaria built on the ground. In places 
where monitors nest in arboreal termitaria or in densely vegetated 
habitats such as rainforests it would have been very difficult to 
conduct a study of nesting. 
Finally, it should be noted that evidence such as that of Hassell (1975) 
and my own discussions with Aboriginal people in central Australia 
suggests that parental behaviour by monitors is well known within 
other cultures. 
7.8 FUTURE WORK AND MANAGEMENT IMPLICATIONS 
There are at least two pieces of work which may test the conclusions 
reached in this thesis. Firstly, to clarify the role of the mother, a field 
experiment could be conducted where females caught while 
ovipositing are removed from the population for the entire 
incubation period. The mounds should be covered with strong mesh 
to ensure that no other females nest in them. The mound should be 
monitored from the end of winter to see whether the young are 
released by any other adults. 
Secondly, where females are caught in the act of releasing young, 
molecular techniques such as DNA fingerprinting could be used to 
determine whether the female is the mother of those young. 
Another question which is worthy of further study is why goanna 
. 
eggs are not attacked by termites. Termites are a major economic 
pest because of the damage they cause to wooden buildings, buried 
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cables and other structures. Usually, these assets are protected by 
·soaking the ground with long-lasting organic insecticides. A study 
of the chemistry of goanna eggshells or chemical secretions from the 
female reproductive tract may lead to a more environmentally safe 
method for treating buildings and cables. 
My study also has implications for the conservation of goanna 
populations in commercial forests. To ensure the persistence of 
goannas the termite fauna should be maintained. Conservation of 
termites is not a subject which has attracted research interest; on the 
contrary, research has been aimed at destroying or containing these 
insects. Nevertheless, forestry practices which lead to the removal of 
all old timber from a wide area, and to the physical destruction of 
termite mounds, may create habitat which is deficient in termites 
and therefore unsuitable for goannas to breed. 
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Appendix A 
COURTSHIP AND MATING IN WILD VARANUS VAR/US(VARANIDAE: 
AUSTRALIA) 
0 .8 . CARTER 
Carter, 0 .8 . 1990 09 20 : Courts hip and mating in wild Va ranus varius (Varanidae : 
Australia). Memoirs of the Queensland Museum 29(2) : 333-338. Brisbane . ISSN 0079-8835 
Observations of wild Varanus varius in southern New South Wales indicate that mating 
takes place between mid-November and early January; that communication between 
individuals is by means of olfactory, visual and tactile cues ; that females mate with several 
males, including subordinates ; and that pairs mate frequently using hemipenes alternate-
ly .0 Varanidae, mating, reprodu ction, behaviour, Varanus varius. 
D.B. Carter, Department of Zoology, Australian National University, GPO Box 4, Can-
berra 2601, Australia; present address: Australian National Parks and Wildlife Service, 
Uluru National Park, PO Box 119, Yulara 0872,Northern Territory, Australia ; 17 August, 
1988. 
Goannas are wary lizards . Their behaviour in 
the wild is rarely documented although there are 
a number of published accounts of reproductive 
behaviour in captive varanids (Auffenberg, 
1983; Moehn, 1984). The published records of 
mating in wild varanids include J(jng and Green 
(1979), Tasoulis (1983), Wilson (1987) and Auf-
fe n berg (1978, 1981) but apart from 
Auffenberg 's studies of Varanus komodoensis 
these provide little detail. This paper reports the 
results of observations on courtship and mating 
obtained as part of a wider study of reproduction 
in wild lace monitors. 
MATERIALS AND METHODS 
This work was undertaken in the valley of the 
Deua River, Deua National Park in southeastern 
New South Wales (35°46' S, 149°56' E). The 
country is steep and rugged with rocky soils 
covered by an open forest dominated by 
Eucalyptus globoidea. The study site is in the 
southern temperate part of the range of Varanus 
varius, which is the only varanid known to occur 
in the area (Cogger, 1986). Goannas were cap-
tured with a pole and noose, measured , weighed 
and marked and released at the place of capture 
usually within 24h. They were individually 
marked, temporarily with bands of acrylic paint 
around the tail and permanently by excising a 
combination of scales from the prominent fringe 
of cales under the rear fourth toes . The latter 
method was preferred to toe clipping because it 
did not deprive these arboreal lizards of one or 
more of their strongly clawed digits . 
Males were sexed when seen mating, when 
they fully everted their hemipenes during cap-
ture or handling, or by radioxerography of the 
base of the tail showing the hemipenes which are 
partly ossified (Shea and Reddacliff, 1986). 
Animals were classified as females only when 
they were seen mating or by the absence of 
hemipene ossification in radioxerographs . Prob-
ing at the base of the tail was considered an 
unreliable method of sexing (Weavers, 1983; 
King and Green , 1979). A selection of animals 
were fitted with radiotransmitters (tracking 
only), which were attached with glue and stain-
less steel sutures to the side of the tail just behind 
the rear leg (method of Weavers, 1983). Com-
plete transmitter packages weighed between 19 
and 22g ( < 1.5 % body weight). 
On the evening preceding a planned period of 
observation a telemetered animal was located in 
its roost. The next morning before 0730h I would 
take up a suitable position about 5 -15m from the 
roost before the animal emerged. I was equipped 
with binoculars and radio receiver and was con-
cealed under a frameless canvas hide which al-
lowed me to move to keep animals in view 
(Carter, 1988). Although these lizards are usual-
ly very wary of humans and typically respond by 
climbing the nearest large tree, I was ignored by 
most animals whenever I wore the hide. 
A total of 37 hours of observations from within 
the hide were made between 17 November, 1987 
and 8 January , 1988. During the period from 
September, 1987 to March. 1988 a total of 81 
days were spent at the study ite and information 
on location and activity was recorded whenever 
individuals, pairs and groups of goannas were 
encountered . Events were timed to the nearest 
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minute, Ea tern Standard Time. Because it was 
impracticable to use video or still cameras, 
diagrams of behaviour were drawn from 
photographs of dead goannas arranged in ac-
cordance with detailed field notes 
RES ULTS 
Ten marked ani mals and another five un-
marked were observed eit her mating or in what 
were presumed to be mating groups . Table 1 
summarises data about the marked animals ob-
served; Table 2 provides details of th e groups 
seen. 
MATING SEASON 
Throughout most of the year lace monitors 
were found to be soli tary (174 soli tary in-
dividuals \Vere recorded). Howeve r between 18 
November and 2 January , I saw 11 groups of 
goannas; so me of which were mating, some 
fighting, so me roosting together, and some that 
were surprised on the grou nd and climbed into 
Id No . Sex SYL Weight Date 
(method) (cm) (kg) ( I st Capt.) 
I M(h) 65 .0 6.30 I 0 .09 .87 
3* F(x) 49 .0 2.10 18.09 87 
7 u 43 .5 1. 16 06 . I 0.8 7 
I I • M(m) 78 .0 7.00 21 . 10.87 
14 • F(m) 46 .5 2.06 22 . 10. 7 
18* MO) 58 .5 3.75 18 . I I 87 
19* M('l) 73 0 7.25 18 . 11 .87 
22· M('1) 61 .5 4.65 18 . 1 I .87 
26 M(h) 66 .0 5.40 24 . 11 .8 7 
32* F(m) 47 .5 1.85 20 12 .87 
TABLE I. Data concerning marked individuab found 
in mating/courting groups . Sex is followed in brack -
ets by method of sexing, U = unknown sex , h = 
everted-hemipenes, x = radioxerograph, m = mating, 
'.> = probably male because of behaviour towart.h 
known males and fem ales . Asterix indicates animals 
which were carrying a transmitter during ohserva-
tions . 
TABLE 2. Dates, activities and compos1t1on of 
mating groups observed November 87 to January 88 . 
F =female, M =male, n=not marked, U=unknown sex , 
a= unmarked but recognisable individual. 
Date No of Activity Individuals 
goannas 
18 . 11.87 3 on ground 14(F), 18(M), 
19(M) 
20.1 1.87 2 roosting (F), 18(M) 
in mound 
21.11.87 2 mating 14(F), n(M)a 
22 . 11 .87 3 roosting 14(F), 11 (M), 
in mound n(U) 
23 . 11.87 2 fighting n(M)a, 11 (M) 
23 . 11.87 6 fighting/ 11 (M), 14(F), 
mating 18(M), n(M), 
n(M), n(F) 
24 . 1 I .87 3 on ground 7(U), n(U), 
n(U) 
20. 12 .8 7 2 on ground 32(F), 22(M) 
23 . 12.87 2 mating 32(F), n(M) 
26. 12 .87 2 on ground 32(F) , 26(M) 
02 .0 I .88 2 on ground 3(F), I (M) 
trees before I could see what they were 
doing.These observations indicate that th e 
mating season extends from about mid-Novem-
ber to early January . 
MATING SYSTEM 
Females mated with several males over a 
period of days . Female I 4 was seen to mate with 
two different males and over a period of 6 days 
assoc iated with at least six different males . 
Female .32 was found on three sepa rate days with 
three different males and was obse rved mating 
with one of them . Mating/courting groups varied 
from just the pair to as man y as six individuals . 
If females were accompanied by more than one 
male the largest would cha~e other males that 
approached the females . 
lO".P,1L :~1c,\TION ,\',f) Co URTSIIIP 
Lace monitors appear to u"c three forms of 
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communication - olfactory, visual and tactile. 
Scent trails and marking of particular sites are 
used to communicate over long distances or 
periods of time whereas body position and head 
movements are used to communicate directly 
when animals can see each other. Tactile cues 
become important as the male comes close to the 
female and attempts to straddle and mount her. 
Male 11 was seen to follow, for about 20m, the 
exact pathway taken by another male lOmin 
earlier. Male 11 moved slowly with wide sweeps 
of the head and rapid flicking of the tongue 
consistent with detecting and following a scent 
trail (Auffenberg, 1982). On another occasion an 
unmarked male approached a tree where male 18 
had basked 80min previously. After flicking his 
tongue around the base of the tree for about 1 min 
the unmarked male carefully wiped both sides of 
his head on the tree trunk and then repeated this 
action before moving away. Another unmarked 
male was observed for 1 h as he located the 
overnight roost (hollow log) of female 32 and 
then followed her exact path to the nearby tree 
where she had moved to bask 2h l 8min earlier. 
While he was locating her he stopped twice to 
vigorously rub his cloaca) region against the 
ground and twice to rub his head, neck and throat 
on a tree and a log near her roost. During his 
approach to her roost, he moved very slowly over 
a distance of about l OOm and appeared to be 
carefully scenting the ground with rapid nicks of 
his tongue . He also seemed to be pressing his 
cloaca to the ground as he walked . 
One large termite mound appeared to be an 
important focus of breeding activity for animals 
11 , 14, 18, 19 and at least 5 unmarked goannas . 
The mound had a large hole dug into the side. 
Over one week of observations several of these 
goannas roosted in the hole overnight and during 
the day there were frequent skirmishes between 
males that tried to approach the mound . Two 
males, which were seen mating or attempting to 
mate with females , had both visited the mound 
less than thirty minutes before they were seen 
with the females and may have picked up the 
female scent trail at the mound. 
Goannas, which were close enough to see each 
other, adopted distinctive posture and head 
movements according to their sex (Fig. 1.) . 
Females remained still or moved slowly, always 
with their bodies flat on the ground and necks 
extended along the ground. Females were incon-
spicuous. In contrast, the movements of males 
were rapid and exaggerated, making them con-
spicuous. Males held their bodies raised from the 
ground, the neck usually vertical and the head 
FIG . I. Demeanour of male (top) an t.I female (helm\) \\hen they can -,ee each other. The female remain-, ...till 
or crawl. . lowly but always with body and neck fl:.ittenet.l to the gmunt.l . The male ml1\eS rapidl y. with heat.I 
raised an t.I often makes spasmodic shuddering movement-; nf the heat.I as he ,1rrro,1che<- the femak fl 1" 
behaviour towart.l~ othe r males i~ si mil a r. 
n= 
1 61 
336 MEMOIRS OF THE QUEENSLAND MUSEUM 
held high and frequently jerked from side to side 
in a spasmodic, shuddering fashion . This head 
huddering became more frequent and 
pronounced when closely approaching a female . 
The unmarked male which spent at least an hour 
locating female 32 used this head shuddering 
signal when he looked up from the base of her 
tree and first saw her looking down at him from 
a height of about Sm. She immediately descend-
ed and they mated several times during the next 
hour. On another occasion when an unmarked 
female in a mating group was alarmed by my 
approach and climbed a tree, male 11 who was 
trying to mate with her climbed up after her and 
repeatedly gave the head shuddering signal. She 
ignored him and remained in the tree for the next 
2h while I continued to watch the remaining 
animals, which appeared unconcerned by my 
presence . Head shuddering was also employed 
by males approachi·ng each other - most 
vigorously by the largest of the males. 
MAT! G 
Twenty four acts of mating were observed . 
Female 14 and an unmarked male, with no other 
anim als present, mated 16 times over a period of 
3h . Another pair consisting of female 32 and an 
unm arked male mated 7 times over a period of 
I h. In both these cases the unmarked males were 
relatively small - about 60cm snout-vent length 
- and certainly smaller than other males seen in 
the vicinity . Female 14 and the large male 11 
were in a group with another female and 3 other 
males and, over a period of 2h, mated only once 
although male 11 spent much of the time circling, 
hissing and chasing other males . 
From these observations, mating behaviour 
can be summarised as follows . The female lies 
stil l and nat on the ground with neck fully ex-
tended and head on the ground (Fig . 1 ). The male 
approaches from th e rear and to one side with 
body raised clear of the ground. The head is 
raised with th e snout markedly tilted down 
towards the female and darts rapidly from side 
to side as he flicks his tongue over her back and 
neck (Fig 2). Sometimes the male's head move-
ments appear to be an involuntary spasm or 
shudder. He brings his head up to the right of 
hers, hi s body lying di ago nally across hers and 
his vent adjacent to the left si de of her tai l. He 
then reaches over the base of her tail with hi s 
right hind foot and scrabbles at the right side of 
her tail with his claws apparently to stimulate her 
to rai se the base of her tail. She recurves her 
back, lifts her hindquarters off the gro und and 
raises her tail in a high arch . With his right hind 
foot still ove r the top of her tail and holding it 
firmly , he curves the base of his tail under hers 
to insert the right hemipeni s (Fig. 3) . 
Events so far have taken about half a minute 
and the pair may lie still in thi s positi on for a 
further half minute or so. Both may look aro und ; 
the female with neck extended horizontally and 
head tilted up, the male with neck vertica l and 
head horizontal. He may ope n his mouth slightl y 
and pump the gular region presumably to cool. 
Then he begins vigorous thrusting, powered 
primarily by the left hind leg . Twenty or 30 
thrusts ma y be made over abo ut one minute with 
the last one or two being slowe r and much less 
vigorous . The muscle tension in both anim als 
then subsides, the arched tails rel ax and they 
uncoupl e. The time taken from the initial ap-
proach by the male to un coupli ng is two to three 
minutes. 
The next copulation may commence within 
two or three minutes and in most cases the male 
approaches from the ot her side and uses the other 
hemipeni s. After several copu lations the m:1le 
may retire to the shade to cool for a few minut es 
FIG . 2. Court~hip . The male begins to straddle the female , rap idl y nicking his tongue ove r her hack , neck ancJ 
head . He may rake the claws of one front leg down her hack . She remains n attened . 
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before returning to mate again. The female may 
terminate a period of mating by climbing a tree 
or may prevent the male from mounting by con-
tinually crawling forwards. During the last few 
matings between 14 and the unmarked male 
there was no vigorous thrusting as the male 
appeared to tire. On one occasion during mating 
between female 32 and the unmarked male, he 
raked his front claws several times along her 
back. 
DISCUSSION 
A comparison of my observations with those 
of Moehn ( 1984) for captive V. timorensis, Auf-
fenberg (1978, 1981) for wild V. komodoensis 
and Auffenberg (1983) for captive V. bengalen-
sis reveals differences in behaviour and timing 
of courtship events. None of these papers report 
head shuddering or jerking behaviour by males 
in courtship although Davis et al. (1986) report 
such behaviour by male V. dumerili prior to 
combat. Neither Moehn nor Auffenberg em-
phasise distinctive demeanours for males and 
females early in courtship although Auffenberg 
( 1983) reports 'do nothing' behaviour by female 
V. bengalensis which seems to encourage 
courtship by males and Moehn mentions that 
female V. timorensis are 'passive' during 
courtship. Mating of V. timorensis was markedly 
prolonged compared to V. varius. Whereas V. 
timorensis were coupled for up to 4 7min and 
pelvic thrusting occurred at intervals of 5 to 22s, 
V. varius coupled for no more than four minutes 
and executed 20 or 30 pelvic thrusts within about 
one minute. V. ben_galensis completed courtship 
and intromission in a maximum of 123s. 
In both V. komodoensis and V. bengalensis 
Auffenberg emphasises the aggressive nature of 
females which he regards as a danger to males 
attempting to mate. He regards the pacifying and 
immobilising of females as an important part of 
courtship behaviour in these species and he in-
terprets the mating success of large males as 
largely due to their ability to restrain females. I 
observed no aggressive behaviour by V. varius 
females towards males or other females. In 
general, females appeared to be cooperative until 
they terminated a period of mating by climbing 
a tree . During mating males did not restrain the 
forelegs of the female as Auffenberg reports for 
V. bengalensis although male V. varius main-
tained a firm grip on the female's tail with his 
hind leg during intromission . In this species 
males grow much larger than females (Carter, 
unpubl. obs.) and in all cases I observed the 
males were at least twice the mass of their 
partners. The initial approach by a male V. varius 
with raised body and conspicuous head move-
ments may advertise his size and strength, as 
well as communicate his sex, and inhibit aggres-
sive behaviour in females . 
A prolonged period during which a pair mate 
frequently, as in V. varius, has not been reported 
for other species of varanids. 
Several communication and courtship acts of 
V. varius coincide with the behaviour of other 
varanids. Tongue flicking over the female's back 
and neck, scratching upwards with the hind leg 
at the base of the female's tail, scratching the 
female's back with the foreleg and the position 
for mating are similar in V. komodoensis, V. 
bengalensis, V. timorensis and V. varius. Also, 
Auffenberg ( 1981) describes the importance of 
FIG . 3. Mating. The male has reached over her tail with his hind leg, scrabbling upwards on the side of her tail 
with his claws. She has responded by recurving her back , raising her hindquarters and arching her tail. With 
his hind foot gripping her tail he has then been able to curve his tail under hers and insert his right hemipenis. 
I! 
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scent marking in the behaviour of V. komodoen-
s is a n d re p o r t s b e h a v i o u r s u c h as ' h e ad 
scraping ', ' cloaca scraping' and deposition of 
faeces. 
That females are so readily able to mate with 
smal !er males even though a dominant male may 
be in the vicinity is puzzling. The fierce fighting 
between males during the mating season, often 
resulting in large wounds (Carter, unpub. obs.), 
suggests that there is strong competition for 
mates. Yet females are left unattended by 
dominant males for long periods when they may 
mate with subordinate males. There may be 
mechanisms related to sperm competition or 
timing of fertilisation which would confer some 
advantage to dominant males. 
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Appendix B. Details of all goanna nests found during this study. 
Date 
found 
Number 
of eggs 
Freshly laid clutches 
21.12.87 9 
21.12.87 9 
30.12.88 8 
03.01.89 11 
29.12.89 8 
31.12.89 11 
01.01.90 7 
04.01.90 8 
Advanced embryos 
30.05.88 8 
30.05.88 7 
26.09.88 7 
07.10.89 10 
Size of mound 
height x base 
diameter (cm) 
35x50 
35 X 75 
60 X 160 
42.5 X 75 
105 X 230 
80 X 125 
60 X 160 
60 X 160 
75 X 130 
45x65 
80x 95 
Freshly hatched clutches 
07.10.87 8 60 X 110, 
06.10.89 8 120 X 200 
10.10.89 6 50x60 
14.10.89 8 95 X 140 
14.10.89 12 70 X 107.5 
12.10.90 6 100 X 130 
23.10.90 4 80 X 125 
Old nests 
07.10.87 7 60 X 110 
09.10.87 17 95 X 140 
21.12.87 7 
26.09.88 
30.12.88 6 35x 75 
30.12.88 5 35x 75 
08.01.89 8 45 x95 
12.10.90 100 X 130 
12.10.90 100 X 130 
Notes 
disappeared within 2 days, dead mound 
dying mound, eggs disappeared in 2 days, 
all eggs died over winter 
all hatched on 24.10.89 
all hatched on 12.10.90, 
all eggs and mound died over winter 
4 eggs ruptured, 3 hatched 23.10.90 
all eggs and mound died over winter 
incubated in lab 98 days, hatched 5.9.88 
incubated in lab 119 days, hatched 26.9.88 
incubated in lab. 33 days, hatched 1.11.88 
3 viable embryos, 7 dead in shell 
all hatched, 4 hatchlings in nest 
all hatched 
5 hatchlings, 1 dead in shell 
still hatching when found, all hatched 
all hatched 
all hatched, 6 hatchlings in nest 
all hatched, 4 hatch lings in nest 
shells, all hatched 
at least 2 clutches , all hatched 
dying mound, eggs mouldy and dry 
shell fragments 
shells, all hatched 
shells, all hatched 
shells, all hatched 
shell fragments 
shell fragments , separate nest 
